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Outstanding advance in 
Bursting Disc Technique 


All D.C.L. Bursting Discs incorporate a PATENTED INTERLOCKING SYSTEM 
which POSITIVELY ensures that only the correct disc can be used. 

D.C.L. Discs are domed by the application of pressure approaching the bursting 
pressure—a PATENTED FEATURE which ensures that the bursting discs last longer 
service. 

Each D.C.L. Disc is individually designed and full details of the proposed 
operating conditions should therefore accompany an enquiry. A Questionnaire is 


available on request. 


BURSTING DISCS5 


Bursting Discs: Small Metering Pumps; High Pressure Valves and Fittings: Laboratory Autoclaves 


THE DISTILLERS COMPANY LTD., GREAT BURGH, EPSOM, SURREY 
Telephone: Burgh Heath 3470 Telegrams: Research, Epsom 
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DIGEST ; 
I G [3 OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


Vanadium Flurry 


YANADIUM burst into the news last month after the 

report that American mining interests, in the shape of 
the Tsumeb Corporation, were bidding for control of the 
South West Africa Company. This company is one of the 
world’s largest producers of vanadium, which is gaining 
importance in atomic energy programmes. Vanadium is 
being exploited for the sheathing of uranium fuel elements, 
having a low neutron-absorption figure and a relatively 
high melting point. At present, of course, most vanadium 
enters industry as ferro-vanadium, which is used for 
making alloy steels capable of resisting high temperatures, 
or for use in tools. Another well-established use of 
vanadium is in the chemical industry. Special catalysts 
employed in the sulphuric acid converter and in the 
phthalic anhydride reactor are prepared from carefully 
purified vanadium compounds. 

Currently about 4,500 tons of vanadium ore are pro- 
duced each year in the United States. The South West 
Africa mine at Otavi is the only other really big producer, 
with an output equivalent to around 10% of the total 
world production. The Tsumeb Corporation operates a 
mine containing some vanadium ore at a spot about 100 
miles to the north east of Otavi, and this mine is part- 
owned by the South West Africa Company. Somewhat 
remarkably two substantial producers of vanadium ore 
have shut down recently—the Broken Hill Development 
Co. property in N. Rhodesia and the workings at 
Minasragra in Peru. U.S. output has expanded consider- 
ably since 1950, as a result of substantial exploitation of 
the carnotite ores in Colorado and Utah, that are an 
important source of uranium; initially the vanadium 
concentrates were stockpiled in the absence of any large 
demand, but the position altered in 1955 when there was 
a big increase in vanadium consumption in both the U.S.A. 
and Europe, leading to a 25% rise in the market price. 


Recovery from Steelworks Slag 


What other sources of vanadium could be tapped? 
During the war Britain struggled to extract the metal from 
the ash left after burning Venezuelan fuel oil. In Germany 
vanadium is recovered from certain steelworks slags. 
Does Britain have any iron ores that are ‘vorth considering 
for their vanadium content? Most certainly, and it would 
appear that our stecl industry is potentially capable of 
yielding many times the present home consumption of 
vanadium. Our reading of the patent literature suggests 
that at least one well-known company is working on the 
problem. 


Clean Air Act in Operation 


‘THE Federation of British Industries (21 Tothill St., 
London, S.W.1) has produced a guide for industria- 


lists entitled The Clean Air Act. This contains a useful 
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bibliography that mentions the two latest official 
memoranda relevant to the new act; these are Clean Air 
Act, 1956: Memorandum on Miscellaneous Provisions 
and Clean Air Act, 1956: Memorandum on Smoke Control 
Areas, which are available from H.M. Stationery Oilice 
at 8d. and Is, 3c. respectively. The former document 
explains how various sections of the Clean Air Act apply. 
From December it became the statutory duty of local 
authorities to enforce Section 3 (dealing with installation 
of new furnaces) and Section 10 (height of chimneys). It 
is now an offence to install certain new furnaces which are 
not capable of operating continuously without emitting 
smoke when burning the appropriate fuel. The maximum 
penalty for infraction of this section of the Act—Section 
3{1)—is a fine of £100; this regulation applies to industrial 
furnaces installed after December 31, 1956. 

Firms installing new furnaces have to notify the loca! 
authority of their intention. Where a firm proposing to 
install a new furnace chooses to submit plans and 
specifications to the local authority under Section 3(2), and 
these are approved, the furnace finally installed, providing 
it conforms to the approved plans, will be deemed to 
comply with Section 3(1). Such approval will not, however, 
be a bar to proceedings for a contravention of any other 
provision of the Act, e.g. the emission of dark smoke due 
to improper use of the furnace. 


Natural Gas in Yorkshire 


A! the present juncture, nothing would be more 

exhilarating than the discovery of a substantial 
deposit of natural gas in Britain. Rumours are already 
circulating to the effect that a considerable natural gas 
field has been detected in Yorkshire, and some definite 
information about the progress of drilling operations in 
that region will therefore be awaited with very great 
interest. According to the guarded official statement issued 
by British Petroleum, the results of seismic surveys justify 
a search for natural gas, which may be present below the 
Yorkshire potash deposits which I.CI. and Fisons 
investigated recently. B. P. Exploration Company Ltd., 
which is working for the Gas Council as consultants and 
operators, will begin the natural gas survey by deepening 
the borehole which was sunk at Robin Hood's Bay during 
1949-50 when Fisons were looking for potash. A quite 
separate exploration for natural gas is to be made in the 
Whitby district ; this second investigation is being made by 
B.P. Exploration Company Ltd. in conjunction with 
Imperial Chemical Industries. 


Legal Aspects of Trade Effluents 


FeLSEWHERE in this issue (see this month’s News in 

Brief) we report the appointment of a technical com- 
mittee to advise the Minister of Housing and Local 
Government on the effects produced by synthetic detergents 
on sewage works, rivers, etc. The same Ministry has also 
announced the setting up of a special subcommittee, under 
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the Central 
another set of water-borne effluent problems. 
committee’s concern will be certain legal aspects of the 
disposal of trade effluents. 

Chairman of this subcommittee is Sir Frederick Armer, 
-until recently Deputy Secretary of the Ministry of Health. 
The rest of the committee has been drawn from river 


Advisory Water Committee, to deal with 
The sub- 


boards, local authoritics, and technical and_ industrial 
interests. This body will examine legislation and the 
operation of the common law as it affects the disposal of 
liquid trade effluents, including solids in suspension. The 
financial problems that arise will come within its terms of 
reference, which however specifically exclude radioactive 
efMuents. A particular legal point that the subcommittee 
will study will be the position respecting Section 8 (2) of 
the Rivers (Prevention of Pollution) Act, 1951 (which 
requires the consent of the Minister before a River Board 
may take proceedings under Section 2 or Section 3 of that 
Act), and to advise whether it is desirable to suggest the 
extension of the operation of that provision beyond the 
term of seven years from the passing of the Act, and if so, 
for what further period. 


DuPont’s Neoprene Plant sor Ulster 


ECENTLY Chemstrand Inc, announced its plan to 

build a $9,800,000 synthetic fibre factory in Northern 
Ireland. A second major US. firm has now followed suit. 
A site near Londonderry has been acquired by DuPont 
Company (United Kingdom) Ltd. for a neoprene plant. 
Next to it Carbide Industries Ltd., the British Oxygen 
subsidiary, has bought a 50-acre site and will supply 
DuPont with acetylene for the synthesis of neoprene, the 
versatile synthetic rubber which has a high resistance to 
the destructive action of oils, petrol, chemicals, sunlight, 
heat and ozore. It has important uses in the textile, 
chemical, clecur'cal, paper, aircraft, motor car, rubber 
compounding, adhesive, and other industries. 


A British Vitamin-A Plant 


IE first plaat in the British Commonwealth for the 

manufacture of synthetic vitamin A—Roche'’s new 
installation at Dalry, Ayrshire—is now being put into pro- 
duction. Manufacture will be stepped up gradually so 
that by the sniddie of the year the factory will be working 
to full capacity, making acetate and palmitate concentrates 
of the vitamin. In the fourteen stages of building the final 
product from citral in lemon-grass oil, reactions involving 
novel hazards are said to be involved. The Dairy process 
is based on that adopted by the Roche organisation in other 
countries but incorporates latest modifications. Automatic 
control is employed extensively. 

Although the structure of vitamin A has been known 
since 1931, when it was announced by Karrer and 
colleagues, it was not until 1947 that a practical synthesis 
of the complicated and unstable molecule was achieved by 
Isler and his research team—in the Roche laboratories in 
Basle. The difficult task of transforming the laboratory 
synthesis into a large-scale process was tackled by the 
organisation's chemical engineering department and early 
in 1950 the first large-scale plant was producing at full 
capacity. Since then Roche have commissioned a manufac- 
turing unit for the vitamin in the United States. 


Profits on Pharmaceuticals 


N view of the “serious concern” with which the 
Parliamentary Committee of Public Accounts aie 
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reportedly viewing the results of investigations into the 
prices of proprietary medicines, the remarks which Mr. 
S. T. Chambers, senior deputy chairman of I.C.1., made 
in a recent Third Programme talk broadcast by the B.B.C. 
on the conditions of investment are noteworthy. 

Fixed notions, he said, of what is a reasonable margin 
of profit on manufacturing cost or a reasonable return on 
capital expenditure for products having an impermancnt 
market, such as pharmaccutical preparations, could do 
much harm if they led to such restriction of profit margins 
that insufficient moncy was left to finance research. A new 
drug might be an outstanding success for several years 
and then be superseded by an even better one. In the 
pharmaceutical industry, therefore, research expenditure 
represented a high proportion of turnover, yet much of it 
would always be abortive in the sense that it led to no 
new products or processes. Only here and there would 
there be a lucky strike which made the research effort as 
a whole worthwhile. Thus, asserted Mr, Chambers, a 
margin of 50%, over the manufacturing cost of a particular 
drug, before taking into account research expenditure as 
a whole, might be actually too low to pay for the research 
necessary to keep up the manufacture of new drugs to 
replace obsolete ones. The problem was a vital issue in 
which a misconccived Government policy could lead to 
stagnation in a British industry where American and 
German industry suffer no corresponding disability. 

In relation to the figure of 50%, mentioned by Mr. 
Chambers, it is useful to note that the oflicial investigation 
into the price of proprictary pharmaccutical preparations, 
begun in 1952, has shown that for 90 selected drugs so 
far cxamined margins ranged from losses to a profit of 
60%. on selling price and of 200°, on capital employed. 
Only a minority of firms had preparations in the top part 
of this range, but for most of the preparations the profit 
excecded 25% on selling price, or 40% on capital 
employed, 


Modified Rochdale Carbonisation Process 


BY modifying the Rochdale carrier-gas process of coal 

carbonisation to low-temperature working the research 
department of the North-West Gas Board has evolved a 
method for producing from low-rank coal both a new 
smokeless solid fuel and a high yield of coal gas. The 
process is now in operation at the Partington gas works 
and 130 tons of the new fucl, Phimax, is being made daily. 
The Rochdale process, itself claborated 2} years ago by 
the Board's technologists, is based on the injection of a 
carrier gas at the bottom of the retorts. In the Board's 
experience it doubles the throughput of coal during 
carbonisation at normal temperatures (1000° to 1100°C), 
and it was thought that its application to low-temperature 
carbonisation might result in a throughput greater than 
normal with low-temperature carbonisation. 

A preliminary investigation (using a temperature of 
750°-800°C) carried out at the Bollington Research Station 
gave encouraging results, which were repeated in full-scale 
experiments at the Partington works. The gascous thermal 
output of orthodox vertical retorts is reduced by 15°/, by 
comparison with the high-temperature process, The solid- 
fuel output is simultaneously increased, and although the 
gas yield is lower the calorific value is higher. Purification 
of the gaseous products of low-temperature carbonisation 
is identical with that of the products of high-temperature 
carbonisation; indeed the gases from both processes are 
led into the same main. The carrier used at Partington is 
carburetted water gas, which is generated in plant adjacent 
to the retort house. Coals of rank 702-802 have been 
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found to produce the most reactive smokeless fuel, 
present East Midland coal usually sold as indust: 
low-grade domestic coal is being used in the process. 
one toa of coal the following are obtained: 
47} therms of high calorific gas; 164 gall. of tar; 114 cwts. 
of Phimax, and 2 cwts. of breeze. 


se 
act 


Gas in Industry 
AN exhibition showing the diversity of uses of gas in 
industry was held in London recently under the 
sponsorship of the North Thames, South Eastern, Southern 
and Eastern Area Gas Boards. More than 70 manufac- 
turers of gas ‘ndustrial equipment displayed their plant, 
much of it being in action. The processes illustrated were 
grouped under the following headings: heating of water 
and space, metal treatment and melting, shell moulding, 
high-temperature radiant heat, flame processing, glass 
working and instrumentation, Emphasis was given to the 
ease of control of gas-heating. 


Packaged Atomic Plant 


N our leader of November, 1956 (p. 353), we referred to 
the interest of British industrial design engineers in small 
atomic power units of around 15 megawatts. We said that 
such units were regarded as an excellent “export” proposi- 
tion. Now comes the news that Humphreys and Glasgow 
will pioneer the sale of small atomic heat and power plant 
—the first of their kind to be made available commercially 
—in all countries except N. America. This British firm 
has concluded an agreement with Alco Products Inc. 
(formerly the American Locomotive Co.) of New York. 
These plants are expected to produce electricity at a cost 
of about 14d.-2d. per unit. In areas remote from natural 
energy sources this would compete economically with 
alternative power producers. 

Manufacture of the plants in Britain can start imme- 
diately. In design the reactor is based on the type that 
has given two years’ satisfactory service in the US. Navy's 
submarine Nautilus ; the fuel is enriched uranium, and the 
moderator and coolant natural water. A prototype of the 
land-based plant has been built for the U.S. Army in 
Washington and is soon to be commissioned. Advantages 
of the reactor, especially important when considering 
operation in isolated areas, are that it is easy to control and 
that it is capable of running for eighteen months to two 
years without change of fuel elements. 


Manufacture in Britain 


The plants will be available in three sizes—of 2, 5 and 
10 megawatts output—while plans are in hand to make 
other units with. power outputs up to 25 megawatts. They 
are compact, and the 10-megawatt size—adequate for a 
town of about 20,000 inhabitants—covers about as much 
ground as a tennis court. The cost of such an installation 
would be about £2 million, including the hire of the fuel. 
During the early stages of the new business about two- 
thirds of each individual plant will be manufactured in 
Great Britain so thax the dollar payment will not be great. 
Eventually the complete units, except for the enriched 
uranium .rods, will be produced in this country. In 
deciding to join forces with Alco, Humphreys and Glasgow 
were of the opinion that the design of the American 
reactor was three years ahead of any other atomic furnace 
of similar dimensions, and that circumstances called 
urgently for a British producer of packaged atomic power 
stations. 
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Atomic Power at Sea | 


Atomic power propulsion for submarines and merchant 
ships is now being actively investigated by more than one 
British development team. We recollect that a long while 
ago, on the occasion of the first Press visit to Harwell, 
J. Diamond of A.E.R.E. (now a professor at Manchester) 
spoke about the possibilities of nuclear power for 
submarine propulsion. Nothing seemed to come of 
Harwell'’s early enthusiasm in that direction, but in the 
past twelve months or so there has evidently been a new 
burst of activity in this field. The British Shipbuilding 
Research Association has a team working at Harwell, and 
so has the Navy. 

Recently a conference attended by 49 shipowners and 
58 shipbuilders was given some insight into the probi:ms 
of atomic propulsion. Sir John Cockcroft said that the 
performance of the U.S. Navy's Nautilus amply demon- 
strated the technical feasibility of atomic propulsion, but 
indicated that there was a big gap in costs which must be 
bridged before atomic propulsion becomes commercially 
attractive. He hinted that the use of plutonium might lead 
to reduced fuel costs. The conference was told that the 
B.S.R.A. team at Harwell is collaborating with the 
AEA. in the development of possible reactor systems, 
some of them based or, the use of natural uranium while 
one involves moderation by an organic liquid. 

The Navy's attitude has been expressed by the Engineer- 
in-Chief of the Fleet, Vice-Admiral Sir Frank Mason, who 
has said that the application of atomic power to warships 
is “almost wholly an engineering problem and one that 
can be solved by the engineering industry.” An Admiralty 
spokesman has stated that detailed work on the design of 
a shore-based prototype of a marine power unit is “well 
advanced”, and that some orders for actual machinery 
have already been placed. 


“Atomic” Heat 


Atomic reactors as a source of process heat have 
recrived remarkably little attention, but a Harwell con- 
ference held on January 18 was calculated to stimulate 
some thought on this possibility. The chief AE.RE. 
speakers were Dr. J. V. Dunworth and C. M. Nicholls. 
G. Nonhebel, the fuel expert who is on the headquarters 
staff of I.C.I., spoke about heat use in the heavy chemical 
industry, and J. Leicester gave a paper which indicated the 
prospects of using “atomic” heat in the large-scale dis- 
tillation of water—a postscript in effect to his two articles 
on the purification of saline waters which were published 
in British Chemical Engineering (Aug. and Sept., 1956). 


Pyrophoric Hazards and Atomic Energy 


T= phenomenon of pyrophoricity has always been 
troublesome when metals have to be handled 
industrially. It has just been realised that this phenomenon 
could account for a great number of mysterious fires and 
explosions that have occurred in atomic energy installa- 
tions and in factories working on materials used in atomic 
energy projects. It has been estimated that no less than 
nine of the metals important in this field are capable of 
igniting spontaneously: these are plutonium, uranium, 
thorium, zirconium, hafnium, magnesium, calcium, sodium 
and potassium. Massive pieces of metallic uranium have 
displayed unusual pyrophoricity, igniting at room tempera- 
ture, and similar things have happened with plutonium and 
thorium. Serious accidents have occurred when uranium 
metal has been rolled, and spontancous fires have started 
in drums of uranium chips six months after they were put 
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in store. Many more incidents of this kind are described 
in the latest issue of Nucleonics (Dec., 1956) to reach us. 
The U.S. Atomic Energy Commission has started a 
“crash programme” in order to collect information about 
such pyrophoric hazards and their elimination. Zirconium, 
which seems to be particularly awkward and which has 
killed a number of American factory workers, will receive 
special attention. 


New Light on Expansion Joints 


HOSE who have encountered the problem of expansion 
joints in pipelines or flexible shaft seals, pumps, 
agitators and so on will be interested in the paper given by 
Prof. H. Ford and Dr. C. E. Turner to the Institution of 
Mechanical Engineers and published in The Chartered 
Mechanical Engineer (Feb., 1957). They have investigated 
a number ef different bellows by means of a strain gauge 
technique and have arrived at some useful conclusions. 
The types of bellows examined range from the dished flat- 
plate type to the S-section type. From their work it is 
possible to get some idea of the flexibility characteristics of 
a bellows from its various dimensions ; for example, it was 
found that an optimum value of the ratio of the product 
of wall thickness and mean bellows radius to the square 
convulsion radius exists for a given value of the latter. 
Sometimes a bellows of greater wall thickness will tolerate 
a greater deflection than one of a smaller wall thickness. 
The amount of convolution in the bellows also influences 
flexibility—the greater the curved section, the greater the 
deflection permissible; however, in this case the stresscs 
in the wall increase. The effect of a reinforcing ring at 
the root of a bellows assembly reduces its flexibility 
appreciably. 

The same issue of this journal contains a paper by Dr. 
B. Mills and Dr. B, N. Cole which deals with the problem 
of frictional losses for gas flowing in pipelines. It is well 
known that in commercial piping the roughness of the bore 
introduces considerable uncertainty in the determination 
of pressure losses. Drs. Mills and Cole propose a deter- 
mination of friction factor for compressible and non- 
compressible gas flow based upon the surface roughness 
of the inner pipe wall, Their method is reasonably 
accurate for practical purposes. An interesting conclusion 
from their experimental work is the independence of 
friction factor and Mach number for compressible flow 
in pipes of commercial roughness. 


Courses and Conferences 


HE S.C. is to hold a conference on industrial carbon 
and graphite in London during the period September 
24-26. The conference will be divided into three sections 
dealing with the following aspects of the subject: — 
1. Strv::ture and propertics; 2. Preparation; 3. Applica- 
tions, including uses of carbon and graphite in nuclear 
reactors and chemical enginecring plant. The secretary 
of the conference is Mr. E. A. Smith, Acheson Colloids 
Ltd., 18 Pall Mall, London, S.W.1. 

The National Industrial Fuel Efficiency Service and the 
Regional Council for Further Education in the South West 
are holding a weekend refresher course for works and plant 
engineers on fuel efficiency, at Wills Hall, University of 
Bristol, from April 5 to April 7. Further details can be 
obtained from the Secretary of the Regional Council, 12 
Lower Castle Street, Bristol, 2.* 

Loughborough College of Technology is holding another 
fortnight’s vacation course in unit operations of chemical 
engineering The dates of the course are July 15 to 27, and 
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the fee is £21 12s, including accommodation. Enquiries 
should be addressed to: Dr. R. F. Phillips, Dept. of 
Chemical Engineering, Loughborough College of Techno- 
logy, Loughborough, Leics. Dr. Phillips has also arranged 
a special introductory and practical course on radio- 
chemical apparatus and techniques for July 22-27; the fee 
is £10, plus £4 10s. for accommodation and all meals. 


Emigration of Technologists 


AN excessive rate of emigration from Lritain would 
justify alarm, particularly if the emigrants included a 
large number of expensively-trained technologists and 
scientists. Back in August, 1956, we referred in a Icader 
to Britain's loss of technologists to North America, and 
Stressed the need for Britain to learn from America how 
to attract technologists to our shores and to keep them 
here. After our reference to this question, one informant 
told us that emigration was taking between 10% and 20% 
of the graduates produced by one British university depart- 
ment of chemical engizteering. We were not satisfied with 
this rough figure, and when we made detailed inquiries we 
found in fact that the actual percentage was certainly 
below 10%. After this experience we were naturally some- 
what sceptical about the statistics quoted in some of the 
newspaper stories about the current emigration fever; for 
example, the claim made by the Gallup poll people that 
41% of Britain's population would emigrate if they could, 
a figure which exceeds that obtained at any time since 1948. 
We know of one professional enginecring organisation 
in Britain that has been studying its records in order to get 
an idea of the extent to which “emigration fever” is likely 
to affect the overall supply of technologists to British 
industry. This body finds that the proportion of its 
members working abroad has significantly increased in the 
past two years ; the general trend seems to be clear enough, 
but this organisation is not prepared to go into statistical 
details, believing that erroncous conclusions could result 
from reading too much into the itimised figures. 


Challenge to Government and 
Managements 


Press reports may have exaggerated the scale of this 
emigration fever, but it would be a great mistake to 
dismiss this matter too lightly. There is no doubt that it 
may fairly be described as a fever, which may spread. The 
powers that are responsible for the country’s economic 
destiny ought to consider the various factors which are 
capable of causing excessive emigration. There is no doubt 
that many pcople in Britain are all too conscious of the 
lack of opportunity and incentive. Taxation weighs very 
heavily on professional men, and who can blame the 
technologist or scientist who starts lcoking for a job over- 
seas when he receives an income tax demand equal to 
25-30% of his salary; when a Government spokesman 
admits that a salary of £1,750 today is only equivalent to 
£550 prewar, it is obvious that direct taxation acts as a 
very serious disincentive. This is a matter for the Govern- 
men to put right. Besides money, technical experts want a 
job that is satisfying. We meet too many engineers who 
fecl strongly that their talents are not being used to the 
fullest advantage. At the present time, when technologists 
and scientists are scarce, this represents a serious failure 
on the part of management. The tendency today is for the 
progressive managements which make every effort to put 
round pegs in round holes to attract staff away from the 
other firms. 


British Chemical Engineering 














BRITISH = 
CHEMICAL 


ENGINEERING 





The Future of Biochemical Engineering 


N the United States biochemical engineering is 
[ siready firmly established as a university subject, and 
an extremely strong case can be made out for the pro- 
position that this subject should receive similar treat- 
ment in Britain. We welcome two moves that have 
recently been made in the required direction. The first 
is the appointment of a senior lecturer in biological 
engineering—the term “biological engineering” is here 
used in the same sense as “biochemical engineering”— 
in Birmingham’s Department of Chemical Engineering. 
The second event which we welcome is the series of 
ten post-advanced lectures on biochemical engineering, 
which have been organised at the Manchester College 
of Science and Technology. 

Biochemical engineering is related to biochemical 
processes as chemical engineering is to chemical pro- 
cesses. It is necessary to place the accent on biochemi- 
cal processes—one can follow the lead of the great 
pioneer in this field, Chaim Weizmann, and think in 
terms of the processes of biological chemistry—and not 
just upon biochemicals. The subject is thus seen to be a 
special branch of chemical engineering. Another 
approach leads one to the idea of the fuller exploitation 
of industrial microbiology, with its appropriate engi- 
neering techniques, but it needs to be recognised that 
biochemical engineering is much bigger than industrial 
microbiology—it includes all the microbiological pro- 
cesses of industrial importance, but it also includes a 
great deal more besides. 

At this stage in history there is a need to settle upon 
a reasonable definition of “biochemical engineering”. 
Those who advocate the use of “biological engineering” 
as the all-embracing term deserve to be listened to with 
respect; their arguments are serving a useful function, 
emphasising as they do the importance of thinking 
about the chemical processes of industrial interest that 
depend on living organisms. On two scores, however, 
“biological engineering” is an unsatisfactory term. First 
of all, the term has been pre-empted by the biologists. 
The second objection is that “biochemical engineering”, 
as we understand it, has a broader scope than the words 
“biological engineering” (as used by some chemical 
engineers) convey. The great scope of biochemical en- 
gineering was indicated very effectively by Mr. F. E. 
Warner when he delivered the first in the series of 
lectures at the Manchester College of Technology. 

Mr. Warner proposed for the biochemical engineer 
a role among biological products that the chemical 
engineer has among chemicals. First, there are the 
fermentation processes, which include the production of 
fermentation alcohol, butanol, acetone, citric acid, ita- 
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conic acid, oxalic acid and antibiotics as well as sewage 
disposal, curing of hides, retting of flax, silage making 
and all the food products depending on micro- 
organisms and enzyme systems for their flavour. 

Second come the operations of food processing— 
pasteurisation, sterilisation and preservation, freezing, 
deep-freezing, cooking and drying. The third category 
comprises the manufacture of sera and vaccines. Next 
we come to the extraction processes that yield hormones 
such as insulin, essential oils and perfumes, natural fats 
and oils, and bone products such as glue and gelatine. 
Fifth comes the physical processing of natural textile 
materials. The sixth and last category mentioned by Mr. 
Warner comprises the processing of forest and crop 
products, and includes paper manufacture, as well as 
the more visionary prospects for the harnessing of 
photosynthesis such as the derivation of protein and 
carbohydrates from leaves. grass, seaweed and 
Chlorella. 

We agreed with Mr. Warner’s dictum that among the 
latter activities are many which attract the prophet and 
the visionary. He warned that these are the ones which 
need particularly to be handled with caution, if dis- 
credit is not to be brought upon the concept of bio- 
chemical engineering. Implicit in the engineer’s 
approach to these speculative matters must be the element 
of caution and cold calculation; he must constantly bear 
in mind the economic aspect. 

The engineer who is dealing with biological materials 
will find that much of the data that are required for 
design calculations are lacking. As Mr. Warner pointed 
out, you would look in vain in Perry’s Chemical 
Engineers’ Handbook for the viscosity of orange juice 
or milk at various concentrations. The same would apply 
to the thermal conductivity and enthalpy of meat or 
fish. Yet such data would be needed before it would be 
possible to calculate pressure drop or heat exchange 
in a plant for pasteurising milk or orange juice, or the 
fixing of the freezing time needed for a side of beef. 
Biochemical engineering specialists in the universities 
might very usefully collect ordinary physical data relevant 
to processes of this sort. 

In our opinion, Britain just cannot afford to neglect 
biochemical engineering any longer. Experience in the 
penicillin field in the last war proves our point. Peni- 
cillin was discovered in Britain, and yet it was left to 
the Americans to exploit this valuable antibiotic. Had 
the British authorities appreciated the importance of 
biochemical engineering, we could have developed peni- 
cillin production properly and obtained the lead in the 
antibiotic field that the U.S.A. now enjoys. 
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THE PROTECTION OF HEAT EXCHANGERS 
AGAINST CORROSION 


FTEN a heat exchanger may be regarded as an 
O almost ideal corrosion machine. Of the many forms 
in which corrosion is experienced in heat-exchange plants, 
the first that becomes evident is the external corrosion. It 
is mainly atmospheric and, depending upon the kind of 
plant, its location and the nature of the surrounding atmo- 
sphere, it can range from almost insignificant general 
corrosion to the deep pitting caused by water condensing 
on the components in_ sulphur-polluted atmosphere. 
Generally such corrosion can be counteracted successfully 
by applying coatings and maintaining them in a good state 
of repair. But the types of corrosion with which this article 
is mainly concerned are those which can fall into the 
category of “out of sight—out of mind” (until the plant 
begins to form leaks). 

A certain number of anti-corrosion measures can be 
taken at the design stage in the manufacture of the plant: 
but, unfortunately, the only measure that often appears to 
have been taken is the application of the principle of cal- 
culating sections and then adding } in. for corrosion. The 
practice would be satisfactory if corrosion took place at a 
uniform rate over the entire surface of the exchanger, but 
this is hardly ever the case. Nevertheless, designers usually 
exercise some metallurgical selection with regard to the 
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process side of the equipment, and most of the corrosion 
occurring in condensers, for example, takes place in the 
end chambers and not, fortunately, in the tube bundles. 

It is necessary, first, to have clearly in mind what are 
the main factors which bring about the wasting of metal 
in this manner, and for this purpose the condenser will be 
considered as being a typical heat exchanger. In these 
units are encountered most of the problems found in other 
types of heat exchanger. 

Generally, the corrosion experienced in the end box of 
a condenser is of one of two types. The first is caused gal- 
vanically by the combination of two or more dissimilar 
metals in the system, usually cast-iron (the end-box casting) 
to Admiralty brass (tube end plates). As the cast-iron is 
anodic to the brass, it corrodes sacrificially to the benefit 
of the end plate. This is fortunate, in so far as cast-iron is 
cheaper than Admiralty brass. The corrosion is usually 
very intense at the junction of the cast-iron end-box and 
the tube plate because of the close proximity of the two 
dissimilar metals. This severe localised attack is perhaps 
more noticeable where high resistivity waters are used as 
coolants, due to the poor current-throw obtainable in these 
electrolytes. The phenomenon is also present in exchangers 
where salt or esturine water having a low resistivity is used, 
but here it is accompanied by a more general corrosion of 
the cast-iron. 
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Fig. 2. Graphitisation of cast-iron. 
(Photo: D.S.1.R.) 





Fig. 3. Typical impingement attack. 
Ss 


(Photo: British Non-Ferrous Metals Research Association.) 





Fie. 4. A condenser tube plate. 
(Photo: G. A. Harvey & Co. (London) Ltd.) 
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Corrosion of cast-iron is not always evident upon visual 
examination, for the iron is taken into solution, leaving 
behind a soft material consisting of the original carbon 
constituent and the corrosion products of the iron. The 
soft material often retains the shape of the iron. This form 
of corrosion is known as graphitisation (see Fig. 2). A 
similar effect is observed in the dezincification of brass. 
Generally, this can be minimised by the metallurgists at 
the design stage by including the correct arsenic content. 
This process has been used in reducing the susceptibility 
of condenser tubes to impingement attack. 


Impingement Attack 


The second major form of corrosion experienced is 
impingement attack. This is primarily electro-chemical 
corrosion which is accelerated by the bombardment of the 
metal by highly aerated coolant. It is easily recognisable 
by the characteristic horseshoe-shaped pits that are formed. 
The horseshoe shapes point in the direction of the flow of 
water over the surface (see Fig. 3). The attack takes place 
mainly on the tube plate immediately opposite the water 
inlet and for the first few inches inside the tubes. Its cause 
is not precisely known, but the action is believed to com- 
mence at slight flaws in the protective oxide-film covering 
the metal, or at points of dezincification. The rapid flow 
of water breaks open the defect in the protective film and 
a pit begins to form. The pit is elongated into the horse- 
shoe shape by the scouring action of the water, which also 
removes any debris from the pit, thus keeping it active. 
Impingement corrosion is known to be accelerated by 
waters with a high free-oxygen content. 

A further form of corrosion which takes place on the 
tube plates is caused by bimetallic couples being set up 
between the tube plate and the tubes or the ferrules screwed 
on the ends of the tubes. The tube plate is either made of 
a less-noble metal or has been stressed by the expansion of 
the tubes in the plate during manufacture, and deep 
grooving takes place around the point where the tubes 
enter the plate. Although this case is not strictly a bi- 
metallic couple, it can be regarded as such as the metal in 
the stressed condition can be considered as a material 
having different corrosion characteristics from _ the 
unstressed metal. Bimetallic couples are also set up where 
duplex tubes are used to counteract special conditions on 
the process side of the chamber. Here deep grooving may 
take place between the end plate and the inner tube wall 
as the less-noble metal, which is usually on the outside of 
the tubes, corrodes. 

Various systems have been tried out from time to time 
to counteract these kinds of corrosion and this article is 
principally concerned with cathodic protection. However, 
it is often found that one method on its own is insufficient 
to combat all the types of corrosion experienced and, that, 
provided the systems are compatible, considerable benefit 
may be obtained from using more than one protective 
measure at the same time. 

The first protective measure that comes to mind is 
painting, but unfortunately no paint system has yet been 
found that will withstand for long the very severe condi- 
tions experienced inside many heat exchangers. However, 
on some plants, coatings have been used with considerable 
success. In others, coatings have actually promoted corro- 
sion—not through any fault of the paint but because of 
lack of knowledge of the mechanism of corrosion. 

For example, in one case the cast-iron portions of the 
condenser end-boxes had been painted with several differ- 
ent types of paint and the tube plates had been left 
unpainted as these, it was thought, were made of a 
corrosion-resistant material, Admiralty brass. Nevertheless, 
the end-plate soon showed severe signs of corrosion and, 
in addition, deep graphitisation of the cast-iron had 
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occurred. The reason was that, prior to the cast-iron being 
painted, it had been acting as a large anode with the tube- 
plate as a cathode. Consequently, although the cast-iron 
had been corroded fairly uniformly, it had also been afford- 
ing sacrificial protection to the tube plate. After painting, 
the large anode had been severely reduced in effective area 
and the corrosion that then took place at the holidays in 
the coating was very intense, as the system now consisted 
of a small anodic-area and a large cathodic-area. The small 
anodic-areas were insufficient to offer the previous degree 
of cathodic protection to the brass end-plate, and the rate 
of corrosion of the end-plate was increased. It can be seen, 
therefore, that application of paint in this manner, instead 
of stopping corrosion, accelerated it. 

The correct method of painting the interior of a con- 
denser end-box is, therefore, to paint the more-noble metals 
in preference to the less noble—at least where it is not 
possible through lack of time or other reasons to paint 
the whole of the interior of the end-box (see Fig. 4). It is 
advisable to pay special attention to painting the area 
around the junction of the two dissimilar metals, to reduce 
the intensity of the local cell which is set up in this area. 


Choice of Paint 

The first question that arises after it has been decided 
to use paint is what paint to employ. The answer is not 
straightforward as there are many varieties on the market. 
The old-fashioned, hot-applied bituminous paint still 
appears to hold its own in the field of protective coatings. 
Nevertheless, whatever paint is used, it must always be 
recognised that the most important factor affecting the 
efficiency of the coating is the correct preparation of the 
surface to receive the paint. 

Another procedure that has been used to reduce the 
effects of the bimetallic couple is the fitting of a ring of 
plastic material as a lining to the cast-iron where it joins 
the tube plate. In this way the intensity of the effects of 
the bimetallic couple is reduced, as the anodic cast-iron is 
shrouded from the cathode, and its rate of corrosion is 
reduced. At the same time, a large anodic-area is left 
exposed at a little distance from the cathode and the corro- 
sion which takes place is far more evenly distributed. 

A different procedure is necessary to overcome impinge- 
ment attack. For, although this type of attack is basically 
electro-chemical in action, it is particularly aggressive and 
requires either an excessively high-current density to counter- 
act it, if cathodic protection is employed, or the design of 
the plant to be so altered that the mechanisms which ac- 
celerate the attack are prevented from functioning. This 
problem should be dealt with at the design rather than the 
maintenance stage. The first obvious way of tackling im- 
pingement attack is to fit baffles in the unit to deflect the 
flow of the coolant away from the affected areas. This is 
rather a hit-and-miss method, and often the baffles either 
transfer the attack to another part of the chamber or 
interfere with the flow of water through the unit. 

In impingement attack at the inlet ends of the tube 
certain beneficial results have been obtained by the stream- 
lining of the entrance to the tubes to reduce the turbu- 
lence. Other attempts have been made by the fitting of 
plastic push-in linings which cover the first few diameters 
of the tubes. The results obtained using these bushes have 
not been consistent, and in some cases all that appears to 
have happened is that the attack has been transferred to 
points farther along the tubes. 

The use of inhibitors in heat exchangers has a very 
limited scope, as in most systems the cooling system is of 
the once-through type, and the water is then either sent 
to waste or is used in another part of the plant. The cost 
of constantly introducing an inhibitor into such a system 
would therefore be prohibitive. In cases where the water 
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is passed through cooling towers and then recirculated, it 
is possible to use inhibitors, but even so care has to be 
exercised because of evaporation and windage losses. 


Cathodic Protection 


Cathodic protection, although first used in condensers 
some forty years ago, has only recently been developed to 
any large extent. The first problem to be faced in con- 
sidering the application of cathodic protection is whether 
to use an applied current or a galvanic system. The most 
important part of a cathodic-protection installation over 
which any control can be exercised is, of course, the 
anode, and this, as indicated above, can be one of two 
basic types, galvanic or applied-current. If a galvanic 
anode is decided upon, the anode material has to be 
chosen with several requirements in view. First the 
material must be a less-noble metal than that of the 
structure to be protected, and it must also be in such a 
position in the galvanic series that the natural potential- 
difference between the anode and the structure will be 
sufficient to overcome the resistance of the circuit between 
the galvanic couple set up. This e.m.f. must also be 
sufficient to provide adequate throwing-power to supply 
the protective current generated by the dissolving of the 
anode as positive ions to all parts of the structure below 
the level of a continuous mutual-electrolyte. A further 
factor which influences the choice of anode material is 
the material’s electro-chemical equivalent, for this value, 
in conjunction with the material’s tendency to act as an 
anode, will decide to a certain extent the number and size 
of anodes which must be employed to supply the required 
current density to the cathode. 

The second type of auxiliary anode, the applied-current 
type, can be either soluble or inert, and it is energised by 
an external source of direct current, usually supplied 
through a transformer rectifier. Both types of anode have 
their own characteristics and limitations. As can be seen 
from the galvanic series reproduced below, to protect cast- 
iron with a galvanic anode, theoretically several metals 
could be used, the most common and readily available 
being iron, zinc, aluminium and magnesium. Iron, how- 
ever, is very close in the series to cast-iron and, therefore, 
does not possess sufficient potential difference to that metal 
to be an effective anode-metal. Some slight benefit may be 
obtained from its use not, however, in protecting the cast- 
iron but in protection of the tube plate. In the majority 
of cases, however, the effect has been insignificant. 


Galvanic Series of Metals 
Anodic or Least Noble End 
Magnesium Nickel 
Magnesium alloys 
Brasses; aluminium bronze 


Zinc Copper 

Galvanised steel or iron Cupro-nickel 
Gunmetal 

Aluminium 

Aluminium alloys Silver solder 

Cadmium 


Monel metal 
Steels, except stainless 
Cast-iron 
Stainless steel (active) 


Stainless steel (passive) 


Silver 
Lead-tin solder 
Lead Graphite 
Tin 

Platinum 


Manganese bronze 
Cathodic or More Noble End 


British Chemical Engineering 




















Zinc and Zinc Alloys 


On examination of the three remaining metals, it will be 
found that high-purity zinc will operate satisfactorily as a 
galvanic anode under certain conditions. Although, as in 
Sir Humphry Davy’s classical experiments in which catho- 
dic protection was discovered 130 years ago, zinc may be 
satisfactory for the protection of copper when it is 
coupled with iron, against which it only has a potential 
difference of approximately 0.25 volt as opposed to 1 volt 
against copper, a certain amount of self-polarisation, due 
to the low ionic-transport capacity of the oxide-film takes 
place and this eventually renders the anode inactive. 
Recent experimentai work on this problem, however, has 
shown that encouraging results can be obtained by the 
alloying of zinc with small quantities of other metals. Un- 
fortunately, this alloying has not yet overcome the addi- 
tional problem of reversal of potential which takes place 
betwen iron and zinc at high temperatures in certain 
electrolytes. Another disadvantage in the use of zinc as a 
galvanic anode, although of lesser importance, as will 
be explained later, is that the metal’s electro-chemical 
equivalent is much lower than that of either aluminium or 
magnesium, the theoretical values for these three materials 
being, respectively 372, 1352 and 1000 Ah/Ib. 

The choice, therefore, appears to be between aluminium 
and magnesium for use as galvanic anodes. Aluminium, 
however, is not a suitable metal under normal conditions, 
due to the low electronic conductivity of the oxide-film 
which forms readily upon its surface. The oxide-film of 
magnesium is porous and, therefore, the value of its ionic 
transport and capacity and electronic conductivity are high. 
Magnesium, therefore, is the most suitable galvanic anode- 
material. But even the best alloy which so far has been 
developed has several disadvantages which limit its use 
or render it uneconomic in some instances. For example, 
even under ideal conditions, it is seldom possible to obtain 
an anode coulomb-efficiency higher than 60%. 


Performance of Galvanic Anodes 


Once the galvanic anode-metal is selected, it is wise to 
consider some of the factors affecting its performance 
and the methods to be adopted to overcome those which 
have an adverse effect. The first consideration is that of 
the electrolyte. Obviously, magnesium should not be used 
in circumstances where the corrosion products of the mag- 
nesium will have a detrimental effect on the process for 
which the plant is designed (or for which the cooling water 
will afterwards be used) either by introducing an undesir- 
able element into the electrolyte, as in certain food pro- 
cesses where waste heat economisers are used, or by 
forming a sludge which may block the flow channels. 
Blockaging from this cause is seldom considered and only 
comes into prominence if the flow channels are very small 
and the rate of flow very low, as in some plate or honey- 
comb type of heat exchangers. 


Resistivity of the Electrolyte 


The resistivity of the electrolyte is the next considera- 
tion, and to appreciate its influence two points should be 
realised. First, that within the limits of normal operating 
conditions the higher the output obtained from a mag- 
nesium anode the higher will be its coulomb efficiency; 
and, second, that, with high-resistivity electrolytes, very 
poor current-throw is achieved owing to the limited e.m.f. 
available when using magnesium anodes. It is obvious, 
therefore, that there exists an approximate upper limit of 
electrolyte resistivity in which galvanic protection can be 
applied, and, for this limit, a value of the order of 2500 
ohm-cm. is usually assumed. 

The resistivity of the electrolyte will also dictate to a 
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certain extent the design of the anode to be used. If space 
is limited, the size of the anode will need to be corres- 
pondingly small so as not to impede the flow of the elec- 
trolyte, and, should the application be in a low-resistivity 
electrolyte, the life of the anode will be short and the 
replacement period may render protection impracticable. 
To overcome this drawback, one of two procedures may 
be adopted. The first consists of inserting a resistance in 
the anode circuit, thus cutting down the output of the 
anode (see Fig. 1b). The second (British Patent No. 
28149/50) is to shroud the anode with less-reactive metal 
or a non-conducting material, thus reducing the surface 
area of the anode exposed to the electrolyte (see Fig. 1d). 
This, theoretically, is the better procedure, for, as pointed 
out previously, the anode coulomb-efficiency is directly 
related to the anode output. Therefore, by cutting down 
the output of the anode without reducing its surface-area 
(of which the anode output is a function) the coulomb- 
efficiency of the anode is reduced. The final choice between 
the two methods must be one of economics, between the 
cost of inserting a resistance in the circuit or shrouding, 
and the amount saved by the improved efficiency thus 
obtained, assuming all other things to be equal. 

It is in connection with applications which necessitate 
the shrouding of magnesium anodes that the zinc alloy 
anodes mentioned previously will probably come into their 
own. The reason for this is that, although the ratio of 
magnesium and zinc electro-chemical equivalents is 2.7: 1, 
the ratio of their specific gravities is of the order of 1:4. 
Therefore, even ignoring the fact that it is theoreti- 
cally possible to obtain a much higher coulomb-efficiency 
from zinc than magnesium, a zinc anode three-quarters 
of the size of a magnesium anode will have the same 
current capacity. The output of the zinc anode will also 
be much less than that of the magnesium and, therefore, 
its life will be increased correspondingly. 

Unfortunately, the. zinc alloy still has many teething 
troubles to be overcome and it will be a considerable 
time before it is available in commercial quantities for 
use in the applications for which undoubtedly it would 
be suited. It is doubtful, even then, whether the zinc alloy 
anode will be widely used until the prejudice which has 
been built up against the use of zinc, mainly through its 
indiscriminate use, has been overcome. 

Shrouding a magnesium anode is not such a simple pro- 
cess as may at first appear and it can bring about serious 
complications in design. If the anode corrosion product 
is allowed to form between the anode and the shroud, the 
shroud will suffer severe distortion and may cease to serve 
any useful purpose. In some cases, instead of shroulding 
the anode, a deflector plate is employed to reduce the 
possibility of the preferential attack sometimes experienced 
where the steel core, on which the anode is cast, enters 
the anode (see Fig. Ic). Such attack will possibly inter- 
fere with the electrical continuity between the anode 
material and the core, and this would render the anode 
inoperative. This premature failure of the anode can 
also be overcome by another method known as the secon- 
dary insert system (British Patent App. 4112/55). In this 
system the bond between the anode metal and the core 
metal is made more positive by altering the core’s shape. 

The coulomb-efficiency of the magnesium anode will 
also be affected by the temperature of the electrolyte, and 
it is generally accepted that it is not economic to employ 
magnesium anodes in electrolytes at temperatures above 
80°C as the fall-off in efficiency above this temperature is 
very rapid. In some cases, however, a high electrolyte- 
temperature can be a considerable advantage, for, as the 
temperature increases, so does the electrical conductivity. 
The usual value of variation taken for water is an increase 
of about 2%, in conductance per degree Centigrade rise. 
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Applied Current Anodes 

In the alternative system of cathodic protection men- 
tioned, the applied-current process, a much wider scope is 
available, although there are applications for which 
galvanic protection is still found to be more advantageous. 
The anodes which can be used in an applied-current instal- 
lation may be either inert or soluble. The soluble types 
usually take the form of scrap steel or aluminium bar. 
Anodes made from scrap steel are the more common, as 
scrap steel is cheap and easily obtainable. A point against 
the use of steel is that the theoretical rate of con- 
sumption of the metal would be 20.1 lb. per amp year, but 
this value is usually exceeded in aqueous solutions, anode 
efficiencies of 150%, being the order of values obtained. In 
the case af aluminium, the theoretical consumption rate 
would be slightly more than 6 lb per amp year. This value 
is usually more than realised due to the uneven attack 
which is experienced on the surface of the metal, unless 
the anode current density is closely controlled at a set 
value for the particular alloy employed. This optimum 
current density is usually high, and therefore, the rate of 
consumption of the anode is correspondingly rapid, and 
as with all types of soluble anode, the replacement costs 
and frequency of replacement have to be considered in 
deciding the choice of material. 

In recent years work has been carried out, most notably 
in the U.S.A., in connection with the use of silicon iron 
as an impressed-current anode, and remarkable claims 
have been made regarding its performance, including 
claims of anode consumption rates of only 0.25 Ib per 
amp year. Experimental work on this anode material 
has also been carried out this side of the Atlantic, but less 
information is available from the more _ conservative 
British technologists on the long-term tests which have 
been undertaken. 

In the class of inert or, perhaps more correctly relatively 
inert, applied-current anodes there: are again two basic 
materials—platinum-based alloys and graphite. In certain 
environments graphite has proved to be an ideal anode 
material, but, unfortunately, these environments do not 
include those usual in heat exchangers. The failure of 
graphite is not rapid but all of its causes are not precisely 
understood. One of the contributing factors sometimes 
encountered is the erosive action of the electrolytes on the 
soft anode material, especially if the plant is one through 
which liquid is pumped at a considerable rate. 

Damage may also be caused to the anode surface by 
the formation of gas under the anode surface due to the 
penetration of electrolyte into the body of the anode, 
although this can be overcome partially by proper im- 
pregnation technique. The impregnant material chosen 
must be specified with the temperature at which the plant 
operates in mind. As a further precaution against the 
possibility of the disruption of the anode surface by the 
formation of gas, the current density to which a graphite 
anode is subjected must be limited, and a figure of 0.5 
amp per square foot is usually taken as a maximum. 


Uses of Graphite 

Yet another cause of anode disintegration for which a 
convincing explanation is still awaited is the effect which 
an electrical current failure has upon a graphite anode. 
In one case it has been reported that the graphite anodes, 
of which there were some seventy, acted satisfactorily 
under the normal anode current density of 0.33 amp per 
square foot. However, when a _ power failure was 
experienced the surface of the anodes began to disintegrate 
and a black cloud of graphite particles was emitted from 
the anodes. The complete reversal of conditions from 
anodic to cathodic and the accompanied reversal of the 
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Fig. 5. Magnesium alloy anodes 


condenser end-box. 


electro-endosmosis action were partly responsible for this 
result. Recently, advancement has been made in the pro- 
duction of graphite for use as an anode, but the tendency 
for disintegration, especially at anode corners, has still not 
been overcome entirely. 

On platinum-based alloy anodes, a considerable amount 
of research work has been, and is being, carried out. 
This type of anode can take several forms, but the 
usual kind are either platinum-alloy wire or thin rods of 
a less expensive material covered with the alloy (see Fig. 
6). In designing a platinum anode, surface area is not a 
prime consideration, as it is possible to apply an almost 
unlimited current density on platinum, in contrast to the 
recommended maximum of 0.5 A/sq. ft for graphite. 

At first it would appear that here is the answer to the 
quest for the perfect anode material, but upon closer 
examination difficulties are found. First, although the 
current density can be varied widely the voltage that may 
be applied is limited, as will be seen later, and therefore 
to a certain extent the dimensions of the anode are 
predetermined. Second, despite the fact that platinum is 
generally regarded as an inert material, there are condi- 
tions under which it will fail, and unless these conditions 
are understood cathodic protection can prove uneconomic. 

Lastly, a problem which has taken a considerable 
amount of time to solve is the design of a suitable mount- 
ing in which to suport the anode. If this component fails, 
the anode will be useless. The problem has been solved 
by at least one company of cathodic-protection engineers. 
Among the range of conditions they had to design for, 
were the following: pH as low as 0.1, temperature range 
0-120°C, insulating properties up to 200 volts, resistance to 
strong oxidising conditions set up by wet chlorine-gas, and, 
consequently, hypochlorous acid, together with the forma- 
tion of a water-tight joint around the anode under possible 
temperature variations and high pressures. 

In addition to the problems of the basic anode design 
that have been considered, there are also practical difficul- 
ties to be encountered. The primary difficulty arises from 
the fragility of the applied-current anodes. Due to the 
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possibility of mechanical damage, it is seldom worth while 
considering the use of these anodes in units where frequent 
cleaning and rodding has to be carried out. However, where 
it is possible to run the unit for longer than, say, 18 
months, without normally having to open it up, it is often 
advantageous to use applied-current anodes, as replace- 
ment is not necessary. 

Cathodic protection has been regarded sometimes with 
circumspection with respect to the long-term effects on 
the cathode and to the possibility of damage to the struc- 
ture by hydrogen penetration. Although the commonly 
accepted theories of the little known phenomenon of 
hydrogen penetration indicate the possibility of very real 
danger in these respects, no evidence has been produced to 
substantiate the fears. Experiments on this problem are 
still in progress and the results are still in favour of 
cathodic protection. 

Although cathodic protection can be applied to an 
unpainted structure, it is often desirable economically that 
it should be applied together with a physical coating. Few 
paints have been found which will stand up over an 
extensive period to the cathodic conditions maintained at 
the metal surface. Some paints are even totally incom- 
patible with cathodic protection and notable among this 
group are certain graphite-based paints. The difficulty 
with these coatings arises from the fact that, to overcome 
the graphite-to-metal local cell, a higher current-density 
is required than would be necessary to overcome the 
freely-corroding state of the metal. The application of 
this higher current-density inevitably results in the strip- 
ping of the coating, and the bare metal is then exposed. 





Fig. 6. An inert metal anode fixed in its ceramic- 


insulated mounting. (Photo: F. A. Hughes & Co. Ltd.) 

If it is decided to paint the inside of a heat exchanger 
and also apply cathodic protection, the remarks given at 
the beginning of this paper must be borne in mind. It is 
not always practicable to apply a coating to the more 
noble metal surfaces, as these might be the heat-conducting 
surfaces. The chosen paint should be of the insulating and 
not of the conducting kind, and it is therefore of little use 
to galvanise or to use a metal-rich paint if the object is to 
reduce the effective bare surface area of the metal to be 
protected. Painting can help considerably in certain cases 
in the matter of current-throw. It is of little use expecting 
protection to be afforded to a point which is shrouded 
from the anode by a large area of bare metal as may 
occur in a nest of pipes. Similarly, it is useless to expect 
to obtain current-throw along the length of a condenser 
tube from an anode at one end. A figure of 2} to 3 
diameters is usually accepted for the limit of effective 
protection along the inside of a tube. However, as it is 
usually this first short length which suffers from corrosion 
in a condenser, cathodic protection can often be used 
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advantageously. The value of 24 diameters is a typical 
figure which is quoted on these matters; however, much 
depends on the particular use. In an unusual application 
with which the writer was concerned, protective potentials 
were measured at a distance of 5 ft from the end of a 24- 
in. diameter mild-steel tube. 

The attenuation of protection along a condenser tube 
has given rise to doubts about the usefulness of cathodic 
protection. The theory expounded, which like that concern- 
ing hydrogen penetration, appears to be largely theoretical 
and has not, to the writer’s knowledge at least, ever been 
substantiated is that the reducing conditions at the 
cathode, which are the result of the application of cathodic 
protection, cause the destruction of the protective oxide- 
film on metals constructing the condenser tubes. Whilst this 
is not harmful to the tubes at points where they are 
receiving adequate current-density, there are points along 
the tube where, due to the attenuation of current-throw, 
the current-density is sufficient to destroy the oxide-film 
but not sufficient to provide protection. It follows that 
the metal at this point is neither protected cathodically nor 
by its own oxide-film and, therefore, will corrode freely. 
However, this state of affairs has never been reported in 
a practice with the use of a properly designed scheme. It 
is widely held that any current that is sufficient to break- 
down the oxide-film is sufficient to provide protection. 

A further claim sometimes heard, which is apparently 
based also on sound theory, this time in favour of catho- 
dic protection, relates to the formation of slime and 
alginous growths in condenser tubes. It is claimed that 
the formation of chlorine gas in saline electrolytes, which 
takes place at the surfaces of inert anodes, is sufficient to 
chlorinate the water to such an extent to have a marked 
effect in preventing the formation of the growths. This 
suggestion at first seems to be attractive but, unfortunately, 
if the plant has a rapid through-put of coolant, as is 
usual, the degree of chlorination which can be expected 
is probably insignificant. Nevertheless, if the plant is left 
standing containing coolant, say, overnight, it is quite 
probable that sufficient chlorine will be evolved to have 
some deterrent effect upon the growth. 


Permissible Voltage 

Consideration must also be given to the permissible 
voltage which can be used in a cathodic-protection installa- 
tion. In the Factories Act the issue is side stepped, for 
any apparatus used exclusively for electro-chemical pro- 
cesses does not have to comply with the Act, provided 
that the apparatus is not dangerous. What is a dangerous 
voltage is not specified in the Act. The Electrical Engineers 
Regulations for Electrical Equipment of Buildings is not 
helpful in this respect, so the engineer must set his own 
interpretation to these requirements. Regulation No. 406, 
Note 1, states: 

“In addition, it is desirable that the maximum 
sustained voltage developed between exposed metal 
required to be earthed and the consumer’s earth terminal 
under fault conditions should not exceed 40V r.m.s.” 
As a cathodic-protection installation is, in fact, virtually 

operating under fault conditions by the convention of the 
electrical engineer, the value for the maximum voltage 
which should be adopted according to these regulations is 
therefore 40 volts. Although, strictly speaking, this value 
refers to a.c. systems only, it can be assumed safely for 
a d.c. voltage, as it is generally accepted that a d.c. voltage 
is less dangerous than an a.c. having the same r.m.s. 
value. This value is not a great handicap in the majority 
of installations, but it can occasionally have an influence 
on the number of anodes which have to be used when 
high-resistivity electrolytes are being considered. 
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LOW-TEMPERATURE EXPANSION TURBINES 


Extremely low temperatures, as low as —450°F, are becoming vitally 
important to industry the world over. Large-scale utilisation of these 
temperatures makes it possibie to take valuable constituents out 
of natural gas, oil, coal, air and waste gases used only for fuel 


by E. R. LADY, B.M.E., S.M., P.E.* 


NE ever-present problem in low-temperature process- 

ing is the supply of low-level refrigeration. Of the 
three fundamental methods of producing this refrigeration 
—vaporisation of a refrigerant, Joule-Thompson effect of 
isenthalpic expansion of a gas, and expansion of a gas in 
an engine doing external work—the latter method is 
usually the most suitable and economical on large-scale 
application. Originally, low-temperature expansion engines 
were of the reciprocating type, but the last twenty years 
have witnessed the development of the expansion turbine 
for this duty. Today the expansion turbine is widely used 
in various low-temperature processes. 

An example of the use of an expansion turbine is shown 
in the simplified flowsheet (Fig.l). This is a method of 
extracting liquid sulphur dioxide from compressed roaster 
gases. The gases are cooled to the point where the sulphur 
dioxide liquefies. The liquid is removed in a separator and 
the stripped gases are partially warmed in the liquefier, 
cooled during the expansion in a turbine, and then 
rewarmed again in the liquefier and the heat exchanger. 
The refrigeration provided by the expansion turbine makes 
up for the heat gain due to the temperature difference on the 
heat exchanger, the heat leaking from the atmosphere to the 
equipment, and the latent heat of the liquid sulphur dioxide. 
Thus the heat equation of the cycle is balanced. 

A more common example of the use of an expansion 
turbine, and one employing lower temperatures, is the 
production of tonnage oxygen from air. A flowsheet of one 
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cycle is shown in Fig. 2. Other cycle variations are pos- 
sible, but all utilise an expansion turbine to remove the 
heat gained by warm-end temperature differences on the 
heat exchanger and heat leaking through the insulation. 
It was in the field of large-scale oxygen plant that the first 
low-temperature expansion turbine was used in 1936. 


Radial-type Impulse Turbine 

The first turbine was a radial-type impulse turbine built 
by Surth, for Linde of Germany. This was similar to an 
ordinary single-stage impulse steam turbine with the wheel 
mounted cantilever fashion to avoid two shaft seals and 
with impulse blades perpendicular to the plane of the 
wheel, causing the gas to flow radially inward while pass- 
ing through the blades. The purpose of the radial arrange- 
ment was to permit several inlet nozzles around the 
circumference of the wheel instead of on the face, where 
they would interfere with the insulation. A section of 
this type of expander is shown in Fig. 3. 

Expansion turbines of this type operated at 3000 to 
10,000 rpm and developed up to 50 hp. The pressure ratio 
of expansion was about 4:1. Inlet temperatures of the 
order of —230°F and exhaust temperatures of —275°F 
were achieved. This represents an adiabatic efficiency of 
about 55%. The turbines were loaded by coupling, either 
direct or through gearing, to induction generators held at 
3000 rpm by the grid frequency of 50 cycles. 

It should be noted that these early turbines, though of 
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Fig. 2. Tonnage oxygen from air. 
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Fig. 3. Section of radial-impulse turbine. 

rather low efficiency, made possible a significant reduction 
in the power requirements for oxygen plants, thus marking 
an important step towards cheap and abundant oxygen for 
metallurgical and chemical uses. 


Radial-type Reaction Turbine 


In 1938, Kapitza' analysed the problem of low- 
temperature refrigeration in connection with an air 
liquefaction plant and decided that a radial-reaction 
turbine, expanding air at verv low temperatures, was the 
solution. Losses in a radial-reaction type are considerably less 
than in an impulse turbine because the fluid is not 
accelerated to such a high velocity in the primary nozzles, 
and does not pass over the wheel blades at high velocity. 
Thus the friction effect is greatly diminished, at the 
expense of some increased losses due to seal leakage and 
windage. 

Kapitza’s turbine consisted of an overhung wheel. very 
much like a centrifugal pump, with the two ball bearings 
supporting the shaft in the warm region. This general 
arrangement has been used on almost all low-temperature 
expansion turbines. The monel wheel of 8 cm diameter 
rotated at 40,000 rpm and developed up to 10 hp at an 
efficiency of about 80%. The exhaust temperature of 
—305°F was the saturation temperature at the discharge 
pressure of 23 psia. It is interesting to note that Kapitza 
used a flexible, or De Laval, shaft and he was able to get 
above the critical speed only by developing a special 
damping device. He points out that such dampening for- 
tunately occurs in the oil film of journal bearings, but 
needs to be introduced when using ball bearings.° 

The high efficiency achieved by Kapitza through the 
radial reaction design and the high rotative speed was a 
significant improvement over the earlier design. Almost 
all subsequent low-temperature expansion turbines have 
been based on these principles. 


Elliott Turbine 

The first American expansion turbine was developed 
in 1942 by the Elliott Co. under the sponsorship of the 
National Defense Research Committee. The purpose of 
the turbine was to provide refrigeration for mobile oxygen 
generators. For this purpose the low-temperature turbine, 
with its features of light weight, simplicity, power recovery 
and high efficiency, is ideally suited. 

The Elliott turbine is described by Swearingen.’ A section 
of this expander is shown in Fig. 4. This machine followed 
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Fig. 4. Section of radial-reaction turbine. 


the Kapitza lead in utilising the radial-reaction principle 
and high rotative speeds. It consisted of a 6}-in. diameter 
aluminium wheel rotating at 22,000 rpm, developing about 
40 hp at an efficiency of more than 80%. The bearings 
consisted of a plain journal near the wheel and a ball 
bearing, carrying both radial and thrust loads, near the 
warm end of the shaft. The journal bearing alse acted as 
a shaft seal. The shaft was a stiff-shaft design with a lowest 
critical speed of 32,000 rpm. This prevented any stability 
problems which Kapitza encountered, although it is 
probable that the dampening action of the journal would 
have rendered these harmless. The power developed by 
the Elliott turbine was absorbed in an induction generator, 
driven through suitable gearing. 


Recent Developments 


Some of the more recent developments in the field of 
low-temperature expansion turbines have been covered by 
Moody and Claitor.‘ Their paper deals exclusively with 
radial-reaction turbines and discusses various mechanical 
and process considerations, such as materials of construc- 
tion, seals, thermal contraction, power absorption means, 
couplings, bearings, control methods, erosion, and the 
limitations of this type of turbine. 

An interesting expansion turbine has been designed in 
Britain by Gilkes of Kendal. This machine operates under 
conditions similar to Kapitza’s, developing about 8 hp at 
42,000 rpm. It is loaded by a small water-pump impeller 
fastened directly on the warm end of the shaft. Most of 
the energy in the water is dissipated by throttling, but a 
small portion of the pumped water is fed to the bearings, 
which are water lubricated. Thus a supply of bearing 
lubricant and coolant, i.e., water, is assured whenever the 
turbine is running. Kapitza pointed out that the conditions 
of high density, slow-moving fluid and low viscosity 
resemble a water turbine more than a steam turbine. Thus 
it is not surprising to find a noted manufacturer of water 
turbines making a successful low-temperature turbine. 

A somewhat different approach to the problem is taken 
when a steam turbine manufacturer undertakes to design 
a low-temperature turbine for air-separation usage. Brown- 
Boveri, of Switzerland, offer a radial-reaction wheel over- 
hung on the pinion shaft of the reducing gear which trans- 
mits the power to an induction generator. This eliminates 
two turbine bearings and a high-speed coupling and results 
in a compact package. There is some penalty in more 
difficult disassembly for maintenance purposes. The Brown- 
Boveri turbine incorporates adjustable nozzles for admit- 
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ting the gas to the wheel, thus permitting large flow varia- 
tion with little loss of efficiency. Although this is of minor 
importance in many oxygen plants, it can well justify its 
added complication in certain other applications. 

A two-stage axial-flow impulse turbine has _ been 
designed and manufactured by the Worthington Corpora- 
tion of the United States for use with an air-separation 
plant. With this design it is easier to have a number of 
Stages on one shaft than to conduct the fluid inward and 
outward as would be necessary with a multi-stage radial- 
reaction type. It might be considered where the isentropic 
enthalpy drop exceeds 30 Btu/lb.—the practical maximum 
for a single-stage, radial-reaction type. However, unless 
the flow volume were very large, the rotating blade losses 
and the seal leakage would probably give an efficiency 
considerably below that of the radial-reaction type. 

Sixsmith, of Reading University, has developed a minia- 
ture turbine in connection with a small air liquefaction 
plant. This turbine, with a %-in. diameter wheel and a 2 in. 
long shaft, rotates at 240,000 rpm and develops slightly 
over | hp. The shaft is supported on air-lubricated journal 





Test set-up of 200-hp generator-loaded 
expander and lubrication system. 


and thrust bearings, using a portion of the air to be 
expanded. This miniature turbine demonstrates that 
extremely small flow quantities can be handled by rotating 
machinery with efficiencies of about 60%. This leads to 
the conclusion that very high-pressure air, with corre- 
spondingly small volumes, may be expanded by turbines 
rather than reciprocating expansion engines, at a significant 
saving in weight of machinery and capital cost. A liquid 
oxygen plant, employing air pressures up to 3000 psig, 
could incorporate a miniature turbine to expand air from 
3000 psig to 600 psig and a conventional radial-reaction 
turbine to expand from 600 psig to 75 psig, with overall 
efficiencies approaching that of reciprocators. 


Experience Gained from Aircraft Industry 


For the past twenty years small air expansion turbines 
have been used in the aircraft industry to produce power 
or refrigeration. The development of this turbine followed 
supercharger practice with reversal of flow. Both radial- 
impulse and radial-reaction designs have been manufac- 
tured with rotative speeds up to 100,000 rpm. The dis- 
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charge temperatures of these turbines are rarely below 
—50°F, but lower temperatures are becoming more 
important as aircraft speeds increase and the friction 
heating effect becomes more serious. Those who are 
primarily interested in temperatures below —100°F will 
find aircraft turbines of little direct interest. However, with 
the immense resources of talent and money available in 
the aircraft industry, considerable research has been done 
with these turbines to establish the fundamental design 
criteria. These are valid at lower temperatures and to any- 
One interested in the low-temperature field the excellent 
discussions of Balje® and von der Nuell® are recommended. 

The Butterley Co., in this country, and Air Products 
Inc., of America, have built quite a large number of low- 
temperature expansion turbines ranging in size from 3 to 
250 hp, in speed from 16,000 to 45,000 rpm and in inlet 
pressure from 100 to 1000 psig, all operating at tempera- 
tures below —200°F and having efficiencies up to 82%. 

Although Moody and Claitor* have discussed at some 
length the various mechanical and process considerations 
in the design of low-temperature expansion turbines, these 
will be reviewed in the light of recent operating experience. 


Materials of Construction 


For the low-temperature part of the equipment, aus- 
tenitic stainless steels are very suitable, especially where 
high strength is needed for high pressures. Bronze is a 
suitable material also, having the advantages of lower 
cost and better machinability but with disadvantages of 
lower strength and high thermal conductivity. 

Aluminium alloys are especially suitable for turbine 
wheels, in that they combine high strength and low weight. 
Virtually the only stresses induced in a spinning disc 
are caused by the inertia forces acting on the mass of the 
disc itself. Thus the stress of a rotating disc is propor- 
tional to the material density. Cast aluminium wheels, fully 
shrouded, are used for tip speeds up to 700 fps. For high 
tip speeds one must turn to half-shrouded wheels, using 
forged or wrought material. 

Shafts have been made of tool steel and stainless steel, 
both having proved satisfactory. One must take care in 
using austenitic stainless steel with a journal bearing due 
to its work-hardening properties. Thus, if a chip is created 
on the stainless shaft, either through metal-to-metal con- 
tact with the bearing or grit in the lubricant, the chip will 
be harder than the shaft. This hard chip will badly score 








Fig. 6. Rotating assembly and bearings of a 25,000- 
rpm blower-loaded expander. 
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the bearing if it remains attached to the shaft, or will act 
as a very efficient cutting tool on the shaft if it becomes 
embedded in the softer bearing metal. 


Types of Turbine Bearing 

Journal and thrust bearings made of brass with Bab- 
bit lining or aluminium alloy have been used. Ball bearings 
have also been used. Each type has its own advantages. 
Babbit-lined bearings are the “old reliable”, giving long 
life and trouble-free operation, provided the oil is 
absolutely clean. Aluminium journal bearings are less 
expensive to make and will not score the shaft if a seizure 
takes place, but they demand careful design. Ball bearings 
are inexpensive and require no elaborate lubrication 
system; all they require is about a pint of oil per week 
blown through in a mist. In addition, ball bearings absorb 
less power than oil-lubricated journals. This is of some 
importance in small machines. It should be noted that 
precision ball bearings should not be used on high-speed 
shafts, as the slight heating up created by high speeds will 
cause them to seize. 


Types of Brakes 

By definition, a turbine is a device which produces 
power. Low-temperature turbines are no exception and 
this power must be absorbed. Three means of power 
absorption have been used—electric generator, blower and 
pump. 

The electric generator is one of the most satisfactory 
types of brake. The power is transmitted from the tur- 
bine, through suitable gearing, to an induction or syn- 
chronous generator rotating at 3000 rpm. This generates 
useful electric power which can be put into the grid. The 
power absorbed can vary from zero to full turbine out- 
put, while maintaining constant speed on the turbine. The 
capital cost of the gearing, generator and electrical con- 
trol equipment makes it uneconomic to recover less than 
about 50 hp in the United Kingdom, and about 100 hp in 
the United States. A photograph of a generator loaded 
expander on test is shown in Fig. 5. 

A direct-connected blower is a convenient way to load 
the turbine and also to recover some power by performing 
useful work. It is much less expensive than the electric 
generator, but to use the air which is compressed, careful 
process design is required as this supply of compressed 
air is of varying quantity and pressure, depending upon 
the turbine operating conditions. An additional disadvan- 
tage is that a high-speed blower is usually quite noisy. The 
rotating assembly of a blower-loaded turbine is shown in 
Fig. 6. This machine rotates at about 25,000 rpm, 
developing 20 hp. 

A direct-connected pump has been used as a brake and 
found to be quiet in operation, inexpensive to build and very 
compact. The fluid pumped is lubricating oil and the pressure 
developed is used to feed the bearings. The remaining oil 
is throttled and recirculated. Of course, the oil must be 
cooled, either by water or air. One design for mobile 
plants has been made in which the oil cools itself by 
operating an oil motor driving a fan which produces a 
forced draught of air across an oil-filled radiator. 
Admittedly the expansion turbine develops no net power 
with this type of brake, but it must be remembered that 
the primary purpose of a low-temperature turbine is to 
cool the fluid being expanded and not to produce usuable 
power. 


Future Trends 
Low-temperature turbines, using conventional steam- 
turbine-type impulse and reaction blading are likely to be 
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used on natural gases and other hydrocarbon mixtures 
where some of the gas is liquefied. The radial-reaction- 
type turbine is not suitable for this purpose as the liquid 
droplets would tend to be thrown outward by centrifugal 
force and be evaporated. This application may assume 
great importance in the liquefaction of Middle East 
natural gas for the European market. 

An extremely low-temperature application is the expan- 
sion of hydrogen for the production of liquid hydrogen. 
This field is assuming increasing importance in connection 
with atomic energy work. 

The radial-reaction turbine, expanding air or nitrogen 
and used to produce refrigeration for tonnage oxygen 
plants, will definitely continue to be an important piece of 
equipment as industry all over the world calls for more 
pure oxygen and nitrogen. 
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Pilot Plant for Sulphur Recovery 


A further advance in its programme for maximum 
utilisation of Sudbury District ores has been made by The 
International Nickel Co. of Canada Ltd. with the conclu- 
sion of an agreement with Texas Gulf Sulphur Co. for the 
operation of a pilot plant at Copper Cliff, Ontario, to in- 
vestigate processes for the recovery of elemental sulphur 
from sulphur-dioxide-bearing gases. This latest develop- 
ment stems from Inco’s continuous programme of metal- 
lurgical research and continues a pattern of long-range 
projects which first resulted in the production of sulphuric 
acid, then made possible the production of liquid sulphur 
dioxide from oxygen flash smelting gases and recently 
paved the way for a large increase in the manufacture 
of sulphuric acid. 

The joint pilot plant, in which Texas Gulf Sulphur will 
investigate sulphur-recovery processes, will be built near the 
site of Inco’s new iron-ore recovery plant. It will consist 
of two sections, one for scrubbing and cleaning gas and 
one for reduction of the sulphur dioxide to elemental 
sulphur. The investigation into the feasibility of the pro- 
ject may extend for several years. If the pilot-plant findings 
indicate that commercial production of sulphur at Copper 
Cliff is economically possible, plans will be formulated for 
production by Texas Gulf on a basis of many hundreds 
of tons of sulphur a day. Canadian imports of elemental 
sulphur are of the order of 370,000 tons per year, the 
bulk of it being used by the pulp and paper industries. The 
latter industry is also the market for the liquid sulphur 
dioxide now made at Copper Cliff. 

The iron-ore recovery process in use at Inco’s new plant 
makes available a rich and steady supply of sulphur- 
dioxide-bearing gas that permits more efficient and 
economical manufacture of sulphuric acid than is possible 
using gas drawn from conventional hearth roasters. A 
portion of this gas will be delivered to a new $3,000,000 
acid plant to be erected by Canadian Industries Ltd. adja- 
cent to the Inco operations. The sulphuric acid, to be 
recovered by the contact process, will be shipped by tank- 
truck to mining companies in the Blind River area for 
leaching ore in the extraction of uranium. Contracts signed 
to date provide for delivery at the rate of approximately 
100,000 tons of acid per year, beginning early in 1958. 
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EFORE deciding to install a rotary vacuum filter for a 
i ccchiaine job, the chemical engineer frequently will 
have to answer the following questions: Will that kind of 
filter work in practice? What size of filter and ancillaries 
will be necessary? What will be the moisture content of the 
discharging solids? How efficiently can the filter cake be 
washed to remove either valuable or undesirable im- 
purities? Usually, preliminary answers can be obtained 
readily in the laboratory, using easily available equipment. 
This article describes a method of sizing a widely used 
type of continuous filter at an early stage in flow-sheet 
design. 

The success of any filter depends largely upon the suit- 
ability of the filter medium—a point illustrated recently 
by Grace’ and by Refson.* Initially, therefore, tests are 
made to select a suitable filter medium. In general, there 
are three properties essential to a suitable filter medium: 

(1) It must retain sufficient of the solid matter present 
to give an acceptable clarity in the filtrate. 

(2) It must allow the filter cake to discharge cleanly 
from it. 

(3) It must have a reasonably long life before blind- 
ing with small solid particles which become embedded 
within the strands and weave of the fabric. 

It should be borne in mind on the first point, that fil- 
trate clarity will frequently improve when the medium has 
been in use for a short while, due to partial blinding. On 
the second, how the cake is discharged needs to be ex- 
amined carefully by simulating the techniques used on a 
rotary vacuum filter. The life of the fabric, which nor- 
mally should be at the very least of one week’s con- 
tinuous operation, cannot be predicted from laboratory 
tests, except where blinding occurs almost instantly, and 
can be determined only under operating conditions. 
Chemical and physical considerations also influence the 
selection of a filter medium. For example, if the slurry 
contains sulphuric acid, cotton, nylon and Terylene fabrics 
are not suitable but PVC, polythene, PTFE and Saran may 
be. The methods of fixing the medium on to a rotary 
drum filter usually preclude the use of woven glass, paper 
and non-woven materials because of their poor mechanical 
strength. If several media appear to be equally suitable, the 
final decision should be based upon performance under 
operating conditions. 





* Eimco (Great Britain) Ltd 
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Basic Test Apparatus 

Fig. | shows a typical assembly of the basic apparatus 
required for the tests of media. The filter element is a disc 
or leaf, one side of which can be covered with a fabric, 
using a clip to hold it firmly in place. The leaf illustrated 
is of hard rubber and is 0.1 sq. ft in area. Such a leaf is 
preferred to a Buchner funnel for several reasons: 

(1) The holes in a Buchner funnel represent only a 
small percentage of the area, so that the effective filter- 
ing area is less than it appears, drainage is poor and is 
much less than on a rotary filter. 

(2) In a Buchner funnel, gravity settling occurs simul- 
taneously with filtration, and this produces a cake of 
different characteristics to that formed on a bottom-fed 
rotary vacuum filter. 

(3) When using a fabric as the filtering medium, it is 
very difficult to obtain a seal around the edge. 

(4) With a Buchner funnel it would be impossible to 
use certain of the techniques described below. 

An electric vacuum pump is used because frequently an 
air flow of 3 or 4 standard cfm is required, which is much 
greater than the capacity of a water pump. A high- 
vacuum pump is not necessary, since it is not economic to 
operate a filter at a vacuum much above 22 in. of mercury. 
The additional capital and cperating costs for the vacuum 
pump are not offset by the reduction in filter-area that 
would be made possible by the slightly greater driving 
force available. A bucket may be used conveniently to 
contain the slurry being tested, as it holds an ample 
volume and allows freedom of movement for manipula- 
tion. Agitation is best provided either with the hand or 
with a flat piece of wood or metal. A mechanical labora- 
tory mixer is not recommended, since it generally causes 
excessive turbulence in part of the bucket while leaving 
the remainder unagitated. Agitation is very important; it 
must be sufficient to keep the slurry in suspension, but not 
so vigorous that (in bottom-feed tests) the cake is swept 
off the filter. 


Background of Tests 

The various types of rotary vacuum filter have been well 
described by Chalmers and colleagues.* All are based upon 
the same operating principle, that separate sections of the 
filter area pass successively through the cycle—cake form- 
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ing, washing, drying and discharging. The individual 
panels of filter surface are piped separately to a manifold 
head which rotates in contact with a fixed multiport valve, the 
diflerent parts of the valve corresponding to different 
stages of the cycle (see Figs. 2 and 3). 

Typical operating cycles for a disc filter, bottom-fed and 
top-fed rotary drum filters and a horizontal pan filter 
using a three-stage wash are shown diagrammatically in 
Figs 6a, 6b, 6c. The relative sizes of the zones of a 
cycle may be adjusted by moving the bridge-blocks in the 
filter valve, illustrated in Fig. 3. Similarly, a portion of 
the cycle can be completely blanked off. This can be use- 
ful to restrict the cake thickness with a very fast-filtering 
material while keeping the drum submergence constant. 

The small-scale leaf tests must simulate the above cycle. 
Although the characteristics of the cycle suitable to a particu- 
lar problem will be established during the investigation, 
it is useful to bear in mind certain essential features of 
performance that arise from the detailed construction of 
rotary filters. For example, the portion of a disc filter sub- 
merged in the slurry cannot be varied much from 40%. 
At a lower submergence, no sector can ever be fully sub- 
merged, so that cake formation is impossible, while any 
great increase in the slurry level will, similarly, make dis- 
charge of the cake impossible. 

The degree of submergence of a bottom-fed vacuum 
rotary drum filter is flexible, the minimum corresponding 
to one section of the drum, although this can only be 
achieved by blanking off part of the cycle. The standard 
trunnion design of filter allows a maximum submergence 
of 49°. Provided the overcoming of the mechanical diffi- 
culties of trunnion-stuffing boxes is considered worth while, 
the submergence can be increased to a maximum of 60%, 
above which the discharge mechanism is flooded. In the 
case of a top-fed drum filter with the feed-box located 
about 22° before top dead centre, the cake must be firm 
by about 22° after top dead centre or it will slip off as 
the drum surface rotates frcm horizontal. This limits the 
cake-form‘ng zone to about 12.5% of the cycle. 

In deciding upon drum submergence, it is important to 
appreciate the difference between apparent and effective 
submergence. The apparent submergence of the drum is 
the percentage of the area which is immersed in slurry, 
this being controlled by the slurry depth. The effective 
submergence is the percentage of the area which is con- 
nected to the cake-forming zone at any instant. Because 
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of the constructional details, the effective submergence is 
always less than the apparent submergence. Fig. 7 shows 
diagrammatically a drum of twelve sections at an apparent 
submergence of 334%. Vacuum cannot be applied to the 
section AB until point B is submerged, for otherwise an 
excessive amount of air would pass through the exposed 
portion of the face, causing a reduction in vacuum. In this 
case, therefore, the effective submergence would vary be- 
tween 25 and 334%, the average being 29%. The cycle 
time for a rotary filter is equal to the time taken for one 
complete revolution. Drum and disc filters generally oper- 
ate in the range 2 to 10 minutes per revolution, though 
if necessary speeds as high as | mpr or as low as 30 
mpr can be used. Pan filters, because of their mechanical 
construction, cannot run as fast as 1 mpr, the maximum 
normally being between 2 and 4 mpr, dependent upon 
the size of the machine. 


Test Procedure 


To carry out a test to simulate a bottom-fed rotary 
vacuum filter, the vacuum is switched on and the filter 
leaf immersed face downwards in the gently agitated slurry 
for a timed period, say one or two minutes. Where no 
washing is required, air is then drawn through the filter 
cake for a second timed period, the leaf being held high 
to allow all the filtrate to drain into the receiver. Finally, 
the filter cake is discharged, weighed and dried to deter- 
mine the moisture content. The filtrate volume is also 
measured. Where the cake needs to be washed, the filter 
leaf is immersed in a beaker of wash liquor for a timed 
period before carrying out the drying stage. The quantity 
of wash liquor used is determined either by collecting it 
separately from the main filtrate and measuring its volume, 
or from the initial and final weights of the beaker of 
wash liquor. Care must be taken to Keep the system under 
vacuum from the moment cake-forming starts until it is 
desired to discharge the cake. Any momentary drop in 
vacuum may loosen the cake at the edges and thus allow 
short-circuiting of the wash liquor or air. 

A different technique is used to simulate top-feed filter 
tests. The leaf is fitted with a metal shim 5 in. or 6 in. 
high. It is then held horizontally, face upwards, and a 
measured volume of slurry is tipped on, and the vacuum 
applied. The time taken to dewater the solids is observed 
and recorded, dewatering being considered complete once 
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Fig. 3. A rotary drum filter with valve head removed 
exposing manifold tube-plate. 


the last of the liquor disappears from the surface of the 
filter cake. If washing is required, a measured volume of 
liquor is tipped on to the cake and the time to dewater 
again noted. A suitable period is allowed for drying before 
the cake is discharged, weighed and dried, to determine its 
moisture content. 

If a material is suitable for handling on a top-feed filter, 
which means it both settles and dewaters rapidly, there is 
generally no difficulty in discharging the cake. Often, 
merely shutting off the vacuum and inverting the filter 
surface is sufficient. In some cases, a short back-blow of 
low-pressure air, at 2 to 3 psig, is necessary; this can be 
applied to the filter leaf orally, with the aid of a short 
length of rubber tubing. 


Types of Discharge 

Discharge from a bottom-fed rotary vacuum filter may 
be much more difficult. The most common discharge tech- 
nique is to use low-pressure compressed air, as described 
above, together with a scraper. The term “scraper” is a 
misnomer, since the fitting should not quite touch the 
filter cloth but should catch the cake lifted by the com- 
pressed air. Sometimes contact between the cloth and 
scraper is necessary, but that has the disadvantage of 
shortening the cloth life both by abrasion and by forcing 
solid particles into the weave, thereby causing blinding. 
This technique can easily be reproduced with a leaf filter 
by using an oral blow and a spatula. The method described 
is generally suitable provided the cake thickness is greater 
than about } in., but some materials tend to cling too 
tightly to the fabric. A sharp blast of compressed air at 
a slightly higher pressure, instead of the more prolonged 
gentle blow, is often very effective. With a little practice, 
this technique, “snap-blow”, may also be simulated orally. 

String discharge is particularly suitable for handling 
fibrous materials which form thin cakes of considerable 
strength, such as sewage sludge. Such cakes are usually too 
thin to be discharged by the air-blow/scraper technique. 
The cake is formed on top of strings which pass con- 
tinuously round the drum, over a roller and back round 
the drum. As the strings pass over the roller, they lift the 
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cake clear of the drum. Frequently, materials of more 
regular particle shape can also be discharged this way, 
provided the cake is sufficiently strong to resist the strings 
pulling through it, but this generally requires a cake 
thickness of at least 7 in. The advantage of string dis- 
charge over the air-blow/scraper method is that a slightly 
drier cake can sometimes be obtained, since there is no 
risk of blowing filtrate back into the cake. The major dis- 
advantages are its mechanical complexity and the fact 
that a thin layer of cake may remain stuck to the fabric. 
Simulating string discharge on a filter leaf is not easy, 
particularly with a circular leaf. There is a tendency for 
the vacuum to pull the filter medium down clear of the 
strings, so that the cake forms beneath the strings instead 
of on top of them. The use of a stout cloth of open mesh 
underneath the main filter medium can help to overcome 
this trouble. 

Roller discharge can be very effective for handling thin, 
sticky cakes such as are formed from many very finely 
divided materials. In this method, a small-diameter roller 
is located at the discharge point with a spring loading to 
keep its surface in contact with the drum. Low-pressure 
compressed-air blow-back is applied. The surface of the 
roller is covered with a suitable material so that the filter 
cake will stick to it in preference to remaining adhered 
to the filter medium, and the cake is then scraped off the 


Drying Zone 





Fig. 4. A valve head showing the inside 
face which is in contact with the tube 
plate and adjustable bridge pieces. 





Fig. 5. Inside view of a drum filter, showing how the 
sections of the drum are connected by piping to the 
tube-plate manifold. 
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Discharge 


Fig. 6. Diagrammatic 
Operating cycles for 
bottom-fed and top- 











a. Bottom-fed drum or disc-filter. b. Top-fed drum filter. 


roller by means of a close-fitting knife. For best operation, 
the cake thickness should be about } in. Alternatively, a 
cake about 4 in. thick is allowed to build up on the roller 
and only sufficient is scraped off to prevent it becoming 
too thick. This method has the advantages of not using 
air blow-back and of being able to handle very thin cakes. 
This technique can be simulated on a leaf filter by using 
a metal rod, a rubber-covered rod, or a piece of fabric 
wrapped round a small beaker. 

Sometimes a moderately-thick cake is formed which is 
too moist to discharge cleanly. Cakes of this sort are often 
non-Newtonian fluids and are therefore plastic, thixotropic 
(or pseudoplastic) or inverted plastic. A plastic fluid, such 
as magnesium silicate containing linseed oil, does not flow 
until a minimum critical shear force is applied, but the 
rate of flow then increases uniformly as the applied force 
is increased. A thixotropic or pseudoplastic fluid, for 
example, wet precipitated calcium carbonate, differs from 
a plastic fluid in that it flows below the minimum critical 
shear force, although the rate of flow is not a constant 
function of the force. Above the critical minimum, the 
rate of flow increases uniformly with force. An inverted 
plastic fluid, for example, starch containing water, con- 
trasts with both plastic and thixotropic fluids in that it 
becomes less fluid as the shear force increases; thus, the 
rate of flow becomes less and less affected by increases in 
applied force. 

Several methods have been devised to take advantage 
of those fluid properties. The methods fall into two 
groups: either compression, applied with rollers with or 
without a blanket, or vibration, produced either by a flapper 
or by a vibrator. If the cake is plastic or thixotropic, 
any of these methods can be used while vacuum is main- 
tained. On the other hand, if the cake is an inverted plastic, 
vacuum must be released momentarily, while the cake is 
flapped or vibrated, and then reapplied. A cake thus 
treated frequently can be made suitable to discharge with 
the standard low-pressure air blow-back and scraper tech- 
nique. On a filter Jeaf, a beaker can be used to simulate a 
compression roll; the cake can be slapped rapidly with 
a spatula to simulate the action of a flapper. 


Filter Medium can Affect Discharge 


The wrong filter medium can cause bad cake dis- 
charge because of the nature of the fibres and the weave 
of the fabric. For example, the hairy nature of a staple 
fibre may cause bad discharge, while a fabric of the same 
material and of the same weave but of monofilament or 
multifilament construction may perform perfectly. It must 
be emphasised, however, that the only way of telling if a 
particular medium is suitable is to test it. The material 
from which the fabric is woven may also be important, 
since a cake may stick to nylon, for example, but not to 
Saran. By using the techniques described above and by 
trying out as many filter media as necessary, it is possible 
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Fig. 7. A drum of twelve sections. 


to answer the questions: 
(1) Can a rotary vacuum filter remove sufficient of 
the solids to give a filtrate of acceptable clarity? 
(2) Can the solids deposited on the filter be removed 
cleanly? 

The next step, if a rotary filter is indicated, is to carry 
out a systematic series of tests to determine the size of 
equipment required and its optimum operating conditions. 

If a rotary vacuum filter cannot handle the slurry in its 
existing condition, the possibility of modifying the slurry 
should be considered. This subject has been well treated 
in a recent article by Pratt,‘ but briefly it may be stated 
that possible useful ways of pretreating the slurry include 
increasing the solids concentration, either by thickening 
or by recycling some filter cake, removal of very fine 
solids by classifying, adding some kind of solid filter-aid, 
decreasing the liquid viscosity by raising the tempera- 
ture or diluting with a solvent, flocculation of the solids 
by either pH adjustment or chemical treatment, and de- 
creasing the liquid/solid interfacial tension by adding a 
surface-active agent. The possibility should be considered 
of modifying the process to produce the slurry in a dif- 
ferent form; for example, by altering the conditions of a 
crystallisation or precipitation process. 

So far, the tests have sought to establish whether the 
solid can be separated from the slurry by means of a 
rotary vacuum filter. Three quantitative questions may now 
need to be answered: What size of filter is required to 
handle a given quantity of slurry? How efficiently can 
the cake be washed? How much moisture will the dis- 
charging cake contain? 

Calculation of the required filter size from leaf test data is 
usually simple, but before this is done it is essential to 
have reliable basic data. Most media tend to blind slightly 
during the first few minutes of operation, so that the first 
few leaf tests may not give consistent results. Therefore, 
at least a dozen tests should be performed before it is 
concluded either that the medium is suitable or the figures 


reliable. 
(To be concluded) 
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FILTRATION THEORY AND PRACTICE 


A simple development from the standard filtration equations 


provides an easy method of determining filtration constants 


by N. J. HASSETT, B.Sc., Ph.D., M.1.Chem.E.* 


OF the many theoretical treatments of filtration in the 

literature, that outlined by Walker, Lewis et a/' is prob- 
ably the most convincing. It recognises clearly that the filter 
medium has filtration characteristics different from the filter 
cake, which is itself of graded structure. Any theory which 
expresses cloth resistance in terms of cake, whether directly 
or indirectly, is only of limited application. Filtration theory 
as considered in this paper does not concern itself with pre- 
treatment of the slurry, but deals only with the problem of 
the design of suitable plant and optimum operating conditions, 
based on experimental observations using the particular slurry 
in question. 


Industrial Filtration Design Problems 


It may, however, be observed that in many industrial pro- 
cesses more attention might well be paid to slurry conditioning 
as a preliminary to filter design. The layer of filtered solids 
deposited on the filter base takes over the filtering function 
and usually provides the main resistance to flow. A gelatinous 
precipitate of ferrous hydroxide will quickly build up a fairly 
impermeable layer, while a granular precipitate will build up 
a porous cake readily permeable to the mother liquor. Since 
the conditions of a chemical precipitation can often be con- 
trolled to give a product of any grade from a colloid or gel 
nature to a granular precipitate, the prerequisite of any given 
filtration design problem is a relevant investigation concerned 
with the preparation of conditioning of the slurry. Another 
practical point which is sometimes overlooked concerns 
temperature and viscosity. 

The theoretical treatment of filtration has been developed 
for the limiting ideal cases of filtration at constant rate and 
filtration at constant pressure, but the results can be applied 
to operational filtration runs which are of mixed nature. 

A simple case is that of a filter press fed by a constant-rate 
positive-delivery pump with pressure release by-pass. The 
initial filtration is at constant rate with the pressure building 
up as the cake thickness increases. When the pressure reaches 
the by-pass setting, the filtration continues at constant pressure 
but falling rate. 

A more complicated case is that of a rotary filter where the 
initial filtration is neither at constant rate nor at constant 
pressure, and pressure surges may recur at subsequent 
intervals. 

Broadly, filtration design problems fall into one of two 
categories: 

(a) specification of filter equipment for a given service; 
or (b) modifications to current filtration procedure to 
increase efficiency. 

In either case, measurements are made during the filtration 
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of the actual slurry concerned, and the results are scaled 
accordingly. 

Sedimentation can be a complicating factor, and where 
this occurs to any appreciable extent it is worthwhile examin- 
ing the possibility of separation by this method in conjunction 
with, if not as an alternative to filtration. Where sedimenta- 
tion does occur, different results may be expected in the use 
of horizontal and vertical test plates, and scale-up will be 
uncertain. 

In many filtration processes, the filtrate is cloudy in the 
first instance but becomes clear as the larger pores in the 
filter base become partially or completely blocked by slurry 
solids. If true filtration is deemed to commence when clear 
filtrate commences to flow, the initial filter medium is com- 
posite and comprises the original filter base plus slurry 
solids deposited within, or at the entrance to, the pores. This 
introduces an element of uncertainty, in a filtration experi- 
ment, as to zero time. Even where the initial filtrate is clear, 
the design of the filtration unit may make accurate correlation 
of time and quantity of slurry filtered difficult, if not 
impossible, although a close approximation can usually be 
made. An incremental method of determining cake constants 
which avoids this uncertainty is described later. 

There is one potential factor which has not yet been 
satisfactorily resolved from a theoretical viewpoint and that 
is the ‘‘time-consolidation”’ factor. The filtration process is 
akin to sedimentation in that respect and the specific 
resistance of some cakes may be expected to change as a 
function of time and liquid flow. This can be tested experi- 
mentally by following slurry with clear mother liquor 
(filtrate) before completion of a normal filtration run while 
maintaining constant pressure, and noting any change in 
flow-rate with time. Should any change occur, due allowance 
can be made in any final assessment of design data. A sug- 
gestion’ that electrokinetic phenomena may also be com- 
plicating factors has been made. 

Filtration equations, even when essentially simple, can 
appear to be complicated by virtue of the number and 
variety of symbols involved. An attempt has been made here 
to rationalise the theoretical treatment and present it in a 
form more convenient for application to filtration practice. 


Theoretical Derivations and Practical 
Procedure 

(i) Quantitative relationships between slurry, cake and 
filtrate. At any moment during a filtration run, a quantity 
of slurry is considered to have been filtered, as defined by 
the slurry-cake interface. Beyond this interface the slurry 
has divided into a quantity of filtrate, V, which has passed 
the cake, and a quantity of filter cake comprising the slurry 
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solids plus some liquid retained between the particles of solid 
matter, i.e. in the voids of the cake. The quantity of filtrate, 
V, is divided again into a somewhat smaller quantity which is 
collected, and a small quantity retained in the filter base. 
This latter quantity is usually ignored and the quantity 
collected regarded as V. Each particular case should be 
examined, however, and an appropriate correction made to 
observed measurements if warranted. 

The relationship between the thickness of cake formed and 
the volume of filtrate collected or, alternatively, the amount 
of slurry filtered, can be expressed in terms of cake voidage 
and slurry concentration. 

Let s, be the volume concentration of solids in the slurry; 

e, the voidage of cake formed; 

x, the thickness of cake; 

A, the filtering area; 

V, the volume of filtrate collected; and 
S, the volume of slurry filtered. 

Volume of cake ‘ A.x. 

Volume of cake solids A.x (1—e) 

Volume of slurry filtered= S$ V+ Ax 


Volume of slurry solids S.s = s(V + A.x) 
Thus A.x (l—e)=s(V + A.x) 
Whence x (V/A) | ~ ee 
l—e-—s 
Vis V. (l—e) 
and S$ V+ A.x V 

(l—e-—s) (l—e-—s) 

Whence S/V = (1—e)/(l—e—s) er 


These relationships are illustrated by the following typical 
experimental procedure for the test examination of a given 
slurry as a preliminary to a filtration run. 

A measured volume (V,) of slurry is weighed (W,) and 
filtered under suction in a Buchner funnel with filtering 
area A. The bulk of the filtrate is put aside and measured 
(V,), the remainder being carefully poured over the filter 
cake and sucked gently through into a small measuring 
cylinder (calibrated boiling tube or test tube) placed below 
the leg of the funnel inside the receiver. The volume V, 
collected when the supernatant liquor over the cake has 
just disappeared is noted (see Fig. 3). 


The height, 4,, of the cake is measured in situ, the cake is 
washed and the height 4, measured again. The cake is dried 
and weighed (W,) and then broken up and added to a 
known volume (V;) of water in a measuring cylinder and 
stirred well to allow entrained air to escape. The total 
volume (V,) is noted, as well as the manner in which the 
solids settle out and the final settled volume. The density 
o of the filtrate is separately determined. 


Calculation of Cake Voidage 


Volume of cake solids ... ion “ale (V,—V,)=V; 
Total volume of mother liquor dan Vo—V, 
Volume of filtrate sale ce cal (V,+ V.)=V, 
Volume of mother liquor in cake ... V.—V;—V, 
Total volume of wet cake har Vo—Ve 
Total volume should check with Ah, 

Voidage of cak sn 

oidage of cake ? 
° oe GH— Wa 
Slurry/Filtrate Ratio 

(a) By volume Vo/Ve 

’ Wo 
(b) By weight 

0o.V, 


Slurry Concentration 

(a) By volume (s) , V;/Vo 

(b) By weight... _ iol wae ; W/W, 

Among the other useful data obtainable from the measure- 
ments are: 

An approximate value for true density of slurry solids. 
Approximate density of slurry. 
Weight/volume concentration of slurry. 

Although the filter cake obtained in this laboratory experi- 
ment is unlikely to be identical with that obtained under 
process conditions, the data will be a useful guide to plant 
filtration and can be checked later against operating data. 

The experimental procedure can be extended to give 
introductory data for rotary vacuum filtration. 

(ii) Resistance of filter cake to flow of liquor. The flow of 
liquid through a filter cake during filtration is analogous to 
that of liquids through packed beds, save that in this case the 
bed is of graded density and increased in thickness as filtration 





Fig. 1. A nylon-clothed filterpress as used in collieries for sludge disposal. ( Photo: British Nylon Spinners Ltd.) 
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proceeds. A complicating factor is the possible consolidation 
of the cake as filtration proceeds. A further complication has 
been stated to be due to electrokinetics, but insufficient know- 
ledge of these phenomena is available to enable their inclusion 
into the basic filtration theory. 

Almost all filter cakes are affected by pressure to some 
degree, and it is useful to consider the basic theory from the 
outset, with that understanding. 

Following the general conceptions of electrical and thermal 
resistance, specific cake resistance can be defined as the 
resistance of a unit cube of cake to flow of liquid of unit 
viscosity, #49, through the cake in a direction normal to any 
one face, when the liquid pressure at that face is unity, and 
the liquid pressure at the opposite face is zero. 

The resistance of a slab of cake of thickness x, unit area, 
and specific cake resistance R’,, to flow of liquid of viscosity j, 
when the liquid pressures at the two faces normal to flow are 
P, and P, is then given by: 


R*. =x. [= ) R. [PI — 


where [P],. is the dimensionless relationship between the cake 
resistance under the new pressure conditions and that under 
the pressure conditions as defined for specific resistance. 
Equation (3) can be simplified by merging / in the specific 
resistance term giving: 
R®, = x.n. RR’... (Ph, es 
At least three empirical formule have been given for the 
pressure relationship [P],. These are of the form 


[P], 1P* where 1P is the driving filtration pressure and 
c is a “compressibility factor” specific to the cake.' 

[P]. = [1+k.A4P] (Reference 3.) 

[P]. = [1+k.AP*] (Reference 2.) 


There are objections to each of these. The evident one of 
dimensional inconsistency can be countered by regarding 
1P as a pressure ratio to unit pressure. 

Some of the considerations involved in the pressure- 
resistance relationship are discussed by Lewis, Carman," 
Sjenitzer® and others, and need not be outlined here, since 
they lead to no final conclusion. This aspect of filtration 
theory is not yet satisfactorily resolved. The filtration theory 
is, therefore, developed, retaining the pressure relationship 
in its basic form, [P],. 

Equation (4) can now be combined with Equation (1) 
thereby eliminating x, and giving the cake resistance in terms 


of v=(V/A), the volume of filtrate collected per unit area of 
filtration. 
Re. g. eG ies #8 @ 
(l—e-—s) 
which can be written as 
R®.=.R..(Pi..v oa ee 


It will be noted that R, is now a cake constant for a par- 
ticular slurry concentration defined by s. If a problem involves 
change of slurry concentration, the cake constant as found for 
a test slurry of one given concentration must be altered 
accordingly if the results are to be applied to filtration of a 
similar slurry but of different concentration. It should also 
be noted that R,. applies to a given cake voidage and is a 
constant only under constant pressure conditions. This factor 
is usually ignored in considering filtration theory, but when 
considering very compressible cakes and large pressure 
differences it should be taken into account. 

(iii) Resistance of filter base to flow of liquid. Once filtration 
is under way, the filter medium which is now taken to consist 
of the original filter base with embedded and possibly a super- 
ficial layer of slurry solids, is regarded as suffering no further 
change other than compression under pressure. In like 
manner to the cake, the resistance of the medium or filter 
base can be written as: 


R*,, “u. Rp. (Ply . aoe 
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Fig. 2. Quantitative relationships between slurry, 
cake and filtrate. 


There is no thickness term in this expression. The specific 
resistance, R,, of the medium can be defined as the resistance 
of unit area of filter medium to flow of liquid of unit viscosity 
when under average pressure of unity. 

(iv) Relation between filtration rate, flow resistances and 
pressures. Although filtration theory is usually based on the 
theory of capillary flow, the form of the basic filtration equa- 
tion is, in effect, independent of this, being an essentially 
empirical relationship defining resistance in terms of driving 
pressure and flow-rate. The departure from any simple 
relationship is covered by experimentally determined variables 
within the empirical relationship. The overail relationship 
follows the fundamental law. 

Driving pressure 


Rate of flow = - 
Total resistance to flow 


(P:—P:) and substituting from 
R*. + R*, Equations (3) and (5) 
AP 
—---- - vonwl 
KM. R. ° [P]. vo 6. R,[P], 

Equation (6) is based upon unit area of filter surface and 
enables the resistance items to be specified in terms of filtrate 
flow-rates, viscosity and pressure. In this form the basic 
filtration equation is most useful for scale-up. In comparing 
this and subsequent equations with parallel equations in the 
literature, it must be remembered that the area term is 
incorporated in v, which is (V/A) or filtrate per unit filtering 
area. 


Application of the Basic Equation to the 
Process 


(a) Filtration at constant rate. Equation (6) denotes a state 
of affairs. If a filtration is carried out at constant rate, the 
pressure is continually building up in accordance with that 
equation. At any moment during the constant-rate filtration 
run, v/t is a measure of the constant rate dv/dt and conversely, 
provided the measured volume v correctly correlates with the 
measured time t, and that at no time has there been a deviation 
from the constant rate. In practice, it is exceedingly difficult, 
if not impossible, to avoid some degree of initial error, and 


dv/dt 
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incremental measurements of dv/dt are more reliable than the 
integrated measurement in the early stages. 

It is useful here to differentiate between cause and effect. 
if slurry is pumped into a filter at a constant rate, then filtrate 
will be produced at a sensibly constant rate. What happens 
on the right-hand side of Equation (6) is incidental, and not 
causative. 

(6) Filtration at constant pressure. In contrast to the above, 
the right-hand side of Equation (6) becomes causative in 
filtration at constant pressure. When constant pressure 
obtains, the variables in Equation (6) are dv/dt and v. Other 
terms are constant, save in so far as there may be some 
consolidation-time effect which increases the specific resistance 
of the cake, and for which no satisfactory allowance can be 
made from a theoretical approach. 











<— Buchner funnel 























Fig. 3. The apparatus used for filtration tests. 


Equation (6) can be integrated giving: 
LR... [P].. (vi—v?) + Rp. (Plo. (ve—¥1) 
= (t2—1,) (AP/p) eT 
Filtration at constant pressure from zero time is exceedingly 
difficult, if not impossible, to attain in practice. Where, 
however, a close approximation to overall constant pressure 


filtration is possible, and v—0 at t=—0, Equation (7) reduces to 
4R..(P]..v? + Ry. (Plh.v=t.AP/u ....(8) 
or 4R..[P]..¥ + Ry. [Plo = (AP/w) (t/v).. . - Y) 


If, therefore, (AP/x) (t/v) is plotted against v using linear 
co-ordinates, a straight-line curve should be obtained with 
slope and intercept giving composite filtration constants. 


Slope = }R,.[P]. von 
Intercept at ordinate v = 0 = R,.[P], i+ 


This is essentially the theoretical treatment as outlined by 
Lewis, who, however, assumes the exponential relationship 
for the pressure terms. The slope and intercept given by 
Equations (10) and (11) become respectively: 
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Slope = }R,. AP er 
Intercept = R,. AP? er 

Lewis plotted the values of slope and intercept obtained 
from filtration runs at different constant pressures against AP 
using logarithmic co-ordinates. Straight-line curves were 
obtained confirming the practical utility of the empirical 
relationship. 

(Thus let y = R,. AP*. Then log y = c. log AP + log R.. 
This is the equation to a straight-line curve of slope c and 
intercept log R, at ordinate log 4P = 0. The values of b 
and R, are obtainable in like manner.) 

Filter cakes that are virtually incompressible should have 
compressibility factors close to zero (i.e., c 0). The limiting 
value of c (or 4) is evidently unity, at which stage filtration 
rate would be independent of pressure. A value greater than 
| would mean decreased filtration rate for increased applied 
pressure. This can be seen by substituting the exponential 
relationships in Equation (6) giving: 

dv'dt = 
+ a. R,..1P° 


.. +. (6a) 
op. . 4 
A Different Approach to Filtration 
Constants* 


Another approach to the determination of filtration con- 
stants is given by a rearrangement of Equation (7), giving the 
following equation: 


le— ft P 
$Re. [Ple- (0) + Re LP) + Ry (Pp. = =”, 
(ve—V,) He 
err 


Starting at any given moment during a constant pressure 
period of filtration, and calling this ¢,, and collecting filtrate 
from that moment, a series of measurements gives a set of 
values of (v.—v,) with corresponding values of (t,—¢,) for 
the common starting point (f,, v,), the absolute value of 1, 
being unknown. 

When the (v,—v,) values are plotted against the corres- 


(te—t,) AP 


ponding values, a straight-line curve should be 


(v2—v,) w 
obtained with slope }R..[P],. Substitution of this value in 
Equation (12) enables the composite constant R,.[P], to be 
evaluated for the pressure conditions of the run. 

Fig. 4 illustrates that the absolute value of v, is a definite 
quantity as measured, in contrast to the absolute value of f, 
the accurate value of which is usually indeterminate in a 
filtration run. The mode of filtration prior to commencing 
the incremental measurements is therefore unimportant. The 
cake constants can be determined from the incremental 
measurements alone, and the determination of the base 
constants requires, in addition, the total quantity of filtrate 
collected from the start of filtration. 

Most filtration problems can be solved without evaluating 
the individual filtration constants. It is, in point of fact, more 
reliable to plot the composite constants against pressure, 
extrapolating where necessary, rather than evaluate the 
individual constants which can only be done by assuming an 
empirical form for [P], and [P],. This is illustrated in the 
worked examples. 

A far simpler method of determining cake constants derives 
from a modification of this incremental treatment. Let 
ta, ty and f, be three time moments measured from zero time 
of an ideal filtration at constant pressure, such that the 
incremental volume collected in interval (t,—t, ) is the same 
as that collected in interval (t,—7?,), and let the volume of 





filtrate already collected at time ¢, be v,. Then from 
Equation (8) we have: 
4 
(a) te — “—(Re- [Ple. vg + 2Rp- (Pls) .... (8a) 
241P 
* Partly developed during class discussion. 
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(b) t = “—-(R..[Pk. (oe + v)? 
241P 2R, . (Ply. (ve ~ v)) ‘wane 
(c) ¢, . (R... [P].. (vq + 2v)? 
24P 2R, . (Ply. (ve+2,)) .... (8c) 
Whence by compounding 
ta + te—2ty = (te — ty) — (ty — te) 
MOR. [Pk.v® we. . (13) 
iP 
which can be written as: 
1t,—At, =. Re. (Pk. v? ... (3a) 
P 
17.—At IP 
whence, &..(PF. = 2: 2. (14) 
v? Mt 
or uw. R..(P]. = (Ate—At,)AP/v? in. 


The cake constants can now be determined from a single 
filtration run in the following manner. The filtration pressure 
during the run is brought up to full pressure in iwo or more 
stages, so that the run embraces two or more constant pressure 
periods. During these periods, the times are noted for the 
collection of consecutive equal quantities of filtrate. Two 
buckets and a stop-watch are usually satisfactory test equip- 
ment for large-scale filtration tests. The constants are 
evaluated as described in the following examples. 


Example 1 

Determination of filtration constants from experimental 
data.® A series of constant pressure runs were made on a 
test plate. These consisted of timing equal increments of 
filtrate and, therefore, they lend themselves readily to analysis 
by the incremental method. A typical run is examined, that 
at filtration pressure, 7.2 psi. 
0.283 sq. ft. 
0.0779 grams/gram water 


Filtering area 
Slurry, chalk 





0.4 7.74 2.74 0.58 
0.5 11.00 3.26 0.52 
0.6 14.70 3.70 0.44 
0.7 18.96 4.26 0.56 
0.8 24.2 5.24 0.98 
0.9 30.0 5.80 0.56 
1. 36.0 6.0 0.20 
1.1 42.4 6.4 0.40 
1.2 50.0 7.6 1.20 
1.3 57.6 7.6 0.00 
1.4 65.8 8.2 0.60 
7.00 
Average (.1f, — 41,)=0.54 sec. 
Incremental volume: 
0.1 litre 
0.283 ft? 
0.0125 ft*/ft? 
17%, — At,)AP 
a, ~->— 
| 
0.54 x 7.2 
1.025 (0.0125)? 
24,400 


From Equation 12: 


RiP], (“ at) = R..[P] (" - ") ss. (2a) 
1 f ~ 


Taking the second and sixth observed values from the 
experimental data we have: 


‘ 
¥, = 0.2 —— 0.025 ; 1, = 2.84 
0.1 
i 
ry = 0.6 ~ 0.075 : tg — 14.70 





















rature 19° C 1.025 centipoi ti i ‘ 
Temperature a — ” Substituting in Equation (12a): 
0 | gram/cm‘ 
. V 1.S€Cc. If It,—AN, Rs [PI (14.7 — 2.84) 7.2 24.400 0.075 + 0.025 
re ‘ oi (0.075—0.025) 1.025. ~” 2 
- 450. 
0.1 1.2 1.2 - 
0.2 2.84 1.64 0.44 These results, which can be checked by taking other values 
0.3 5.00 2.16 0.52 as the basis for calculation, give compound filter constants 
Constant pressure 
begins here — 
f 
| Measured 
| (v2- 4% ) 
I 
Pressure rising ! | 
and settling to -_" tecrementel H Fig. 4. Batch filtration run. 
a constant a ; 
sates | measurements Initial period indeterminate 
| start here ; 
| mode. Second period at constant 
| 
Startin | . 
g | vy, = measured | — 
time | | 
unknown ! | 
: Measured 
_— — 
| (t2- t, ) \ 
I 
— 
fo t, t2 
Zero time for 
constant pressure , 
curve , unknown. 
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applicable to the particular pressure conditions of the test. 

If the results are to be applied to plant filtration at another 
pressure, it is evident that measurements 1 iust be made at 
more than one pressure. Measurements at two constant 
pressures will give, for instance, values for: 

R. J[P,) and R.[P3]-. 

The question now arises, what will the composite resistance 
constant R, .[P;]. be at some third pressure? It is emphasised 
that contrary to the impression gained by studying filtration 
theory literature, it is the composite resistance factors that 
are needed for computation, rather than the individual factors. 

There is no reliable method of general application known 
to the author which allows of determining the compound 
resistance at a different pressure from that of measurement, 
other than that of extrapolation. Furthermore, it is not 
enough to extrapolate on a graph with AP as abscissa, 
although, in general, there is no alternative. The absolute 
pressure should also be taken into account. 

The experimental procedure, therefore, is to determine 
the values of R..[P]. and R,.[P], at two or more pressures 
with the particular slurry in question, and to extrapolate 
outside the available experimental range of pressures, to any 
pressure value where information may be required. Where- 
ever possible, it is desirable to make test measurements under 
similar conditions to those that will obtain in plant operation. 

The units to be employed in computation should not 
involve difficulty, if it is remembered that application of 
filtration theory is a matter of comparison. The units should 
all be put on a common basis convenient to the particular 
problem concerned, and this strictly adhered to. Then 
dimensions can happily be left out of consideration. The 
preceding example has been considered in this respect but 
will now be calculated in dimensions. It will be supposed 
that plant operation is concerned with psi working pressure; 
ft®, filtering area; minutes, time; and centipoises, viscosity 
measurement. 

The compound filtration constants would then be computed 
as far as (A) and, for alternative units, as exemplified in (B) 
and (C). 


pi 
iltrate interval v = 0 503 fj 
(100/304) ft® 
. 0.283. ft? 


0.0125 ft*/ft? 
From Equation (14): 
t.—t,) P 
RP, = 8 
n.ve 
5.4 sec. 7.2 psi 7 
1.025 cp. (0.0125 ft)? 


243,000 sec. psi cp.~! ft? 


4,500 min psi cp.—? ft? ee 
75 hr psi cp.—! ft? aoa 
3.1 hr psi (Ib ft-! hr-*)~*ft-? .(C) 


The awkward accumulation of dimensions is an initial 
deterrent to a clear understanding of the application of 
filtration theory, especially to those who have infrequent 
practice in conversion of units. In actual practice, however, 
it will usually be possible to put all the data in the same 
units and work in numbers only. For instance, if a test plate 
gives results in cc per cm? and the results are to be applied 
to gallons and square feet filtering area, the data would be 
normalised as follows: 

Suppose v = 24 cc/60 cm? = 0.4 cc cm—? 
Then v = 0.4 cm?/cem-* = 0.4 cm = 0.013 ft 
0.013 ft?/ft? = 0.081 gal ft-* 


There is, of course, a variety of paths to the same final 
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point, and the method of conversion is a matter of. personal 
inclination and available conversion factors. 

Before leaving this example, it is of interest to examine 
what would have resulted from choosing different incremental 
quantities of filtrate as basis for measurement. 

From the same table of values, we can derive the following: 


v t It (At,— At) 
0 0 — — 
0.2 2.84 2.84 — 
0.4 7.74 4.90 2.06 
0.6 14.7 6.96 2.06 
0.8 24.2 9.5 2.54 
1.0 36.0 11.8 2.30 
1.2 50.0 14.0 2.20 
1.4 65.8 15.8 1.8 

12.96 
Average value (41, —11,)=2.16 
9 
0.2 — 0.025 
(At,—At,)AP 
R..{PI. 7 
2.16 x 7.2 
* 
1.025 « (0.025)? ane 

v t At (At,— At) 
0 0 0 — 
0.3 5.00 5.00 — 
0.6 14.70 9.70 4.70 
0.9 30.0 15.30 5.60 
ee 50.0 20.00 4.70 

15.00 
Average value (.1f,—44,) = 5.0. 

0.125 

, & 037 

v=03 01 0.0375 
7.2 

R... [P], : 25,000 
1.025 « (0.375)? 


Example 2 


A series of constant pressure runs were made’ on a chalk 
slurry using a test press with | sq. ft filtering area. The 
results were used to calculate the throughput of a press with 
plate area of 3.16 sq. ft, by an inverted rate method, and 
compared with actual measurements. The results are now 
analysed by the incremental method. The experimental 
measurements are occasionally erratic and those marked * 
(by N.J.H.) are ignored. 


v t Ir (4t.— An) 
0 0 -- — 
2 24 24 — 
Test run 4 71 47 23 
at 6 146 75 28 
5 psi 8 244 98 23 
T=Unknown 10 372 128 30 
u=Unknown 12 524 152 24 
14 690 166 14 
16 888 198 32 
18 1188 300 102* 
Equation (14a) 
(Atg—At,) AP 
[C] = R. [Ph — 
Average (11,— At,) = 25 sec. 
ys 
[Ch = x09 
141 





0 0 — — 
Test run 5 50 50 _ 
at 10 181 131 81 
15 psi 15 385 205 74 
T=T?P F 20 660 275 70 
u—0.89 cp. 25 1009 349 74 
30 1443 434 85 
35 2117 674 160* 
Average (At,— At,) = 77 sec. 
' 77 x 15 . 
(Chs ~ 52 79.89 
0 0 
Test run 5 26 26 -- 
at 10 98 68 42 
30 psi 15 211 113 45 
T=80° F 20 361 150 37 
30 788 233 39 
35 1083 295 62* 
Average ( 1t,—4t,) = 42 sec. 
; 42 x 30 
(Che = sas ~ 8 
0 0 
Test run 5 19 19 
at 10 68 49 30 
50 psi 15 142 74 25 
T=81° F 20 241 99 25 
u—O85cp. 25 368 127 32 
30 524 156 29 
35 702 178 22 
Average (.ltg—4t,) = 27 sec. 
27 x 5O 
(Che = 53 S085  ™ 
0 0 
10 19 
20 56 
25 78 22 
30 104 26 4 
Plant run 35 141 37 ll 
at 40 176 35 2 
25 psi 45 218 42 7 
T=84 F 50 263 45 3 
u—0.82cp. 55 316 53 8 
60 371 55 2 
65 434 63 8 
70 501 67 4 
75 569 68 l 
80 684 115 47* 
85 734 50 65* 


Erratic measurements probably due to experimental tech- 


nique. Probable average time interval for 5lb © 45/9 — 5.0sec. 
v = $/3.16 = 1.58 Ib ft-* 
5.00 = 25 
Tes 6l. 
(Che ~ j'5g2 20.82 © 


This value would have been expected to be between [C],; 
and [C]», i.e., 56 (proportionately). 

To determine filtration constants at 25 psi from experimental 
data. The filtration constants as determined for a number of 
pressures could be graphed against pressure and the values 
for AP = 25 psi read from the graph. An alternative method 
taking proportional values between neighbouring pressures 
will however be followed. » 


4 
Equation (12a): 

t,—t, \ AP aAtyY 
Ry.[ Pl, ( . ') R. . (Pl. (2 > ") 

Ve—¥yJ # P 


. (12b) 


win-(8) 10 (*$") 
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At 15 psi taking reference points v, = 10, 7, = 181; 
Vv, = 20, t, = 660; 


20 +10 
52 ( 2 ) 


[B).s = 


= 2B 

Choosing other reference points vy, = 10, but v, = 15, 25 
and 30 successively, the values of [B],, obtained are 40, 20 
and 24. Average values taken as [B],, = 28. 

In like manner, the values of the filter base constant at 30 
psi are found to be 63, 45, 48 and 50 giving an average value 
of [B]so = 51. 

The [B] values, like the [C] values, would be expected to 
increase with pressure. Their evaluation depends on sub- 
stantially good measurements, and for accurate work 
smoothed curves would be drawn and smoothed values 
taken as basis for calculation instead of individual values. 
In this case it is not worth the effort involved. Incidentally, 
the [B] term usually plays a lesser part in the filtration. 

For a projected filtration at 25 psi using the same slurry. 

Take [C],; as 56, the proportional value between 52 and 58. 

Take [B],; as 44, the proportional value between 28 and 51. 

Check by calculating the time to obtain 70 Ib. filtrate on 
the larger press (which is the value where really erratic 
measurements begin in the test run). 

Using Equation (9) in rearranged form illustrates the 
minor importance of [B] in this case. 


t pane R [P]..v +. Ry [Pls) 


.) 15 
20—10 / 0.89 


ieee 


rewritten as 
» 


t=" (uC). v + [B)) .. 2. (9b) 
P 


Here v-=70/3.16=—22.1 lb ft—*, remembering that vy is 
based on unit area. 
Substituting: 
22.1 
t 0.82 (4 56 « 22.1 + 44) 
25 ‘ 
0.725 (618 + 44) = 480 sec. 


This value is in reasonable agreement with the correspond- 
ing test value of 501 sec, as given in the table. It will be noted 
that this example was worked without defining the units of 
the filtration constants. 

(To be concluded) 
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THE NEW SOLVAY PROCESS PLANT for the 
manufacture of hydrogen peroxide is now in full produc- 
tion at Syracuse, New York, and is a purely chemical 
process, the company says, which involves the catalytic 
hydrogenation and subsequent oxidation of “complex 
organic materials”. After the products of the reaction have 
passed through hydrogenation and oxidation columns, the 
hydrogen peroxide is extracted from the resulting liquor 
by the use of a counter-current flow of water, and the 
dilute solution is evaporated to a concentration of either 
35 or 50%. The hydrogen used in the process is a by- 
product of chlorine manufacture in adjacent plant. The 
oxygen is atmospheric. The product is dispatched in 
aluminium drums and railway tank cars. The design cf 
the process was initiated by workers at the Allied Chemi- 
cals Central Research Laboratory at Morristown, N.J.. 
and was developed by a team of chemists and engineers 
at Solvays Research and Development Centre in Syracuse 
The plant occupies an 8-acre site. 
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PORTABLE APPARATUS FOR DETECTING 


FLAMMABLE GASES AND VAPOURS 


by E. H. COLEMAN* 


HENEVER flammable gases or liquids are used there 
is the risk that the atmosphere may contain a suffi- 
cient concentration of vapour to form a flammable mix- 
ture. It is necessary, therefore, to be able to detect the 
approach of the concentration to this limit. Often the 
odour of the vapour acts as a warning but there are many 
odourless flammaole vapours. Some vapours desensitise 
the nose, on continued exposure to them, so that the odour 
is not noticed, while with others the threshold of percep- 
tion may be above the hazardous limit. Instruments 
(explosimeters) have been designed therefore to provide a 
warning of flammable concentrations. For many vapours, 
the toxic limits are much lower than the flammable-limit 
and then more sensitive tests are required. 
The instruments designed for use as explosimeters cover 
a wide range, from those merely giving a visible or audible 
alarm when a particular concentration is reached, to those 
indicating the concentration of vapour, either as the actual 
percentage of vapour or as a percentage of the lower 
flammable-limit. In many instances a high degree of pre- 
cision is unnecessary and an indication of whether or not 
the concentration is approaching the lower limit of 
flammability is then sufficient. The instruments range from 
heavy elaborate installations, giving accurate determina- 
tions and requiring skilled operators, to portable instru- 





* Department of Scientific and Industrial Research and Fire Offices’ Com- 
mittee Joint Fire Research Organization, 





Fig. 1 (above). An indicator for detecting different 


vapours, (Photo: Mine Safety Appliances Co. 
Ltd.) Fig. 2 (right). Annotated diagram of the 
McLukie gas detector. 
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ments giving approximate indications and capable of being 
operated by relatively unskilled labour. This review will be 
restricted principally to portable apparatus. 

Piatti' and Schmitt? reviewed German instruments in 
1929 and 1937 respectively, and Mullen® and Ewing‘ in 
1955 and 1954 reviewed instruments used in the United 
States. Berl’ has discussed the theory underlying thermal 
conductivity, sonic, infra-red transmission, and interfero- 
meter methods. Comprehensive discussions of particular 
methods have been written by Daynes® and Brown and 
Dean,’ who dealt with thermal conductivity methods, and 
by Poole® and Kmiecik,® who specialised on electrical 
explosimeters based on combustion principles. Hartwell” 
and Gleim"™ have reviewed British and American work on 
instruments for measuring methane in coal mines, but 
neither discussed the application to other industries. 


Principles of Operation 

The earliest flammable gas detector was the flame safety 
lamp used for detecting methane in coal mines. By 1880,” 
however, other instruments had been designed using the 
rate of diffusion, the velocity of sound, the contraction in 
volume when the gas was burnt, and the increase of tem- 
perature of a heated platinum filament exposed to the 
atmosphere under test. These methods and others have 
been adapted for measuring other flammable gases. Charac- 
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teristics which have been used (not all of them in portable 
instruments) are shown in Table 1. 

The property or combination of properties used for 
the gas under consideration should be one whose value 
differs as widely as possible from the values for other 
gases likely to be present, and also should change rapidly 
with concentration. 


Table 1. Characteristics of Gases Used 
for Measurement of Concentrations 

(1) Thermal conductivity 

(2) Density 

(3) Viscosity 

(4) Rate of diffusion 

(5) Refractive index 

(6) Absorption of radiation (infra-red or 
ultra-violet) 

(7) Velocity of transmission of sound 

(8) Magnetic properties 

(9) Dielectric constant 

(10) Ionisation effects 

(11) Colour changes due to 
an absorbent 

(12) Volume changes due to reaction with 
an absorbent 

(13) Heat developed by combustion 

(14) Volume changes due to combustion 


Physical 


Chemical reaction with 


Combustion 


Combustion-type Instruments 

The relevant characteristic of combustibility has been 
used in many instruments which operate by measuring the 
effects produced when the gas is burnt. Effects used have 
been the change of the flame of a safety lamp, the change of 
volume of the gas, and increase of temperature. The in- 
crease of temperature has been employed extensively, and 
the gas is usually burnt upon a catalyst which may be 
either a porous bed of material or a heated filament. 


Heated-filament Instruments 


A flammable vapour mixed with air will burn upon a 
platinum filament which has been raised to a suitable 
temperature, and the filament temperature is thereby in- 
creased to an extent depending upon the concentration of 
the vapour. Several methods of measuring the rise of tem- 
perature have been suggested. Liveing’ measured the 
brightness of the filament and Philip and Steele” suggested 
several methods, e.g., use of a thermometer; the increase 
of pressure due to expansion of a solid, liquid or gas: the 
movement of a bimetallic strip; and the change of electrical 
resistance with temperature. In modern instruments, the 
most commonly used method is the measurement of the 
change of electrical resistance of a heated filament, the 
filament forming one arm of a Wheatstone-bridge circuit. 
The design of this type of instrument has been examined 
by Poole® and Kmiecik,’ who discuss the effects of fila- 
ment diameter and temperature, the dimensions of the cell 
containing the filament, the errors due to the filament 
being cooled by the passing gases, and the design of the 
compensating cell. 

To control the cooling effect, it is important that the rate 
of flow of gas through the cell should be controlled within 
certain limits which depend on the size of the cell and the 
characteristics of the gas being examined. The rate of flow 
is regulated so as to be fast enough to produce a reason- 
able amount of combustion and rise of temperature, but 
not so fast as to cool the filament unduly. The cooling 
effect can be compensated for by using a heated filament 
which does not catalyse the combustion as the other arm 
of the Wheatstone bridge. Although the heats of combus- 
tion of different vapours vary considerably, it was noted 
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Fig. 3. Ringrose sewer gas lamp. 
(Photo: Siebe Gorman & Co. Ltd.) 
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Fig. 4. A sectional view of the Ringrose 


flammable gas detector, with the outer cover 
removed. In use a sample of the atmosphere 
is drawn through the housing by means of the 
mouth piece and the apparatus is_ then 
switched on by stages. The atmosphere diffuses 
through the porous pot and the inflammable 
or explosive gases are burnt by the filament. 
The vacuum created is registered on the 
manometer. Diagram from B.P. 711,133 by 
courtesy of the Controller of H.M.S.O. 


by Le Chatelier“ that equal volumes of the lower-limit 
mixtures of a large number cf vapcurs evolve similar 
amounts of heat. Thus it would be expected that, in any 
one instrument, equal quantities of lower-limit mixtures of 
different vapours would produce similar rises of tempera- 
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ture and, therefore, an instrument calibrated in terms of 
lower-limit concentration could be used for a wide variety 
of vapours. The differences of density and thermal con- 
ductivity among the vapours, however, affect the rate of 
cooling and, consequently, the rise of temperature, so that 
the above generalisation is not entirely valid for all 
vapours. 


Operating Temperatures 

The operating temperature of the filament is important. 
Platinum filaments are operated at temperatures between 
500 and 700°C, but palladium filaments can be operated at 
somewhat lower temperatures. The actual temperature 
used depends upon the combustion characteristics of the 
gas being measured, and by varying the filament tempera- 
ture it is possible to make the instrument respond pre- 
ferentially to a particular gas or vapour. The Mine Safety 
Appliances Co. has produced an instrument in which, by 
successively operating the filament at different tempera- 
tures, it is possible to differentiate between different 
vapours, e.g., petrol and methane (Fig. 1). 

The filaments operate at relatively high temperatures 
and their life is therefore shorter than that of similar fila- 
ments used in other types of instrument where the operat- 
ing temperatures are lower, “e:g., thermal conductivity 
instruments. Furthermore, the filaments are liable to suffer 
poisoning (loss of catalytic efficiency) by exposure to 
deleterious atmospheres. Thus it is not usually advisable to 
use an instrument in atmospheres containing leaded petrol 
unless it has been adjusted specifically for this, for 
example, by running the filament at a higher temperature. 

The stability of the heated-filament type of instrument 
has been examined by Randall and Hunstad” and by the 
Joint Fire Research Organization.” Randall and Hunstad 
tested seven different non-portable, continuous-sampling 
heated-filament instruments jn atmospheres containing 
pentane, natural gas and pentane with tetraethyl lead, over 
a period of three months in atmospheres of 25%, of the 
lower flammable-limit. Only two instruments were con- 
sidered sufficiently reliable to be acceptable, and even the 
best of the instruments required regular daily inspection, 
maintenance and adjustment. The Joint Fire Research 
Organization has examined one make of portable instru- 
ment in different vapours. The instrument indicated 
whether the atmosphere approached a flammable concen- 
tration with pentane, benzene, hexane, ethyl alcohol, 
methyl ethyl ketone or town gas, but it was not suitable 
without modification for acetone, diethyl ether or amyl 
acetate. The conclusions only refer to the instrument 
examined and do not necessarily apply to other types. The 
investigation is being extended to other types of 
instrument. 

As an alternative to using the change of resistance, the 
temperature rise can be measured directly by a thermo- 
couple. In an instrument made by the Davis Emergency 
Equipment Co. of the United States, the filament is the 
thermocouple, whereas the German BASF 1.9 “Kohlen- 
oxydmesser”™” has a thermocouple, in the bed of catalyst. 

The increase of temperature can be measured also from 
the increase in brilliance. Liveing’ used a simple photo- 
meter to compare the exposed filament with one not 
exposed to the atmosphere under test. This instrument 
measured from 0.25-4.0°,, of methane (5-76% of the lower 
flammable-limit). The Martienssen detector'' uses a heated 
metal filament coated with palladium salts. Combustion of 
flammable vapours increases the filament temperature and 
consequently its brightness. The concentration is judged 
by visual observation of the filament. The range of the 
instrument approved by the United States Bureau of Mines 
is from 1-8%, of methane, i.e., 19-150% of the lower 
flammable-limit, and its precision is equivalent to that of a 
safety lamp in the hands of a skilled miner. 
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Low-temperature Catalysis 


Some gases can be oxidised at room temperature on a 
suitable catalyst. The temperature of the catalyst is in- 
creased, and the increase is a measure of the gas concen- 
tration. In many carbon-monoxide detectors® the catalyst 
is Hopcalite, a mixture of oxides of copper, cobalt, man- 
ganese and silver, and the temperature is measured by a 
thermocouple. Commercial forms of the apparatus will 
measure concentrations as low as 0.005%. Berger’ uses an 
unheated catalyst of quartz wool impregnated supersonic- 
ally with platinum or palladium and measures methane by 
the rise of temperature. In this instrument carbon mon- 
oxide and dust must be removed. With both the Hopcalite 
and Berger catalysts the final temperatures attained are 
below the ignition temperature of the gases. 

A combustion instrument of a different type was 
patented by Lorenzetto.” This is an alarm type and con- 
tains a filament heated to a temperature sufficient to burn 
the gas without relying on catalytic effects. The increase 
of temperature due to the presence of a flammable gas 
ignites a combustible link which normally separates the 
electrical contacts of the alarm circuit. When the link 
burns the contact is made and either a bell or light is oper- 
ated. After the alarm has operated the apparatus cannot 
be used for further tests until a fresh link is inserted. 


Change of Volume or Pressure 


A standard laboratory technique for the estimation of 
combustible gases depends upon the measurement of the 
change of volume and the carbon dioxide produced when 
the gas is oxidised. Several instruments have been designed 
to perform this operation simply. A measured volume of 
the atmosphere is exposed to a heated platinum filament 
and the change of volume due to combustion of the vapour 
is measured. The volume change is determined from the 
change of pressure in the combustion chamber as 
measured by a manometer calibrated in terms of gas con- 
centration. The earliest instrument of this type was the 
French mines gas detector of Monnier, Cogillon and 
Maurice.” *! Modern instruments include the McLuckie™ 
and the Burrell* and with these the determination can be 
made in about five minutes. Both instruments have been 
approved for use in coal mines—the McLuckie in Great 
Britain and the Burrell in the United States. The standard 
McLuckie instrument gives a manometer reading of 2.2 
cm. for 1% of methane and the accuracy is substantially 
within +0.05% of the true value, but modified instru- 
ments of higher sensitivity are available (Fig. 2). 

In the Ringrose detector™ the gas is burnt on a palladium 
filament contained in a porous chamber (Figs. 3 and 4). 
The principles were described by Crossland.” As with the 
McLuckie and Burrell instruments, the volume changes 
are read as pressures On a manometer calibrated in terms 
of concentration. Hartwell’ reported that in 1.5% of 
methane the readings were within +0.05% of the true 
value, but that high humidities produced positive errors. A 
modified instrument is small enough to be carried in the 
pocket. 

In the Mikro-gas Kalorimeter™ the gas is burnt by spark- 
ing in a quartz vessel, and the carbon dioxide so produced 
and the contraction due to condensation of water vapour 
are measured. An American apparatus” compresses the 
gas in a cylinder (by a battery-driven motor) and then 
explodes it. The increase of pressure on combustion moves 
a piston connected to an electrical contact which operates 
an alarm circuit. With all instruments using volume 
change, it is necessary to apply correction factors if the 
apparatus is used in gases other than that used for calibra- 
tion. The sensitivity is greater when the gas has a high 
value of lower flammable-limit and the contraction on 
burning is great. (To be concluded) 
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THE PRACTICAL APPLICATION 


OF ELECTRODIALYSIS 


TO THE DESALTING OF BRACKISH WATER 


ARLY in 1953, the National Chemical Research 

Laboratory of South Africa started an intensive pro- 
gramme of work to develop the electrodialysis process to 
meet the many and varied needs for brackish water desalting 
in the Union of South Africa and South West Africa. One 
immediate demand was that connected with the disposal 
of saline water pumped up from the gold-mines in the 
Orange Free State gold-fields. Some of these mines pump 
to the surface every day several million gallons of water 
containing, on an average, about 4200 ppm total dissolved 
solids, of which about 3800 ppm are NaCl. The disposal 
of this water is costly, as it is too saline to be discharged 
direct into the local streams. It has therefore become 
necessary for the mining companies to buy large tracts of 
valuable farming land for the construction of evaporation 
pans, while at the same time considerable quantities of 
fresh water have to be obtained from the Vaal river for 
use at the mines. 


South Africa’s More Immediate Problems 


The Union of South Africa, through the South Africa 
Council for Scientific and Industrial Research, is a member 
of the 0.E.£.c.-sponsored Water Desalting Group, the 
experimental work of which is carried out at The Hague 
and at Delft, while close co-operation is maintained be- 
tween the S.A.C.S.1L.R. and other members of the Group. 
This Group is, however, concerned primarily with the 
desalting of sea water. Owing to the many immediate 
problems at hand in the Union of South Africa on water 
desalting, and the problem of the gold-mines in particular, 
work in South Africa has developed along somewhat more 
immediately applied lines and much of the work of the 
S.A.C.S.LR. has been carried out under contract. (For this 
reason it has not yet been possible to release many details 
of the process.) 

There are two main types of water that have to be con- 
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sidered by the S.A.C.S.1.8.—one is the high chloride, low 
sulphate and carbonate water of the gold-mines of about 
4000 ppm T.D.S., and the other is the broad class of high 
sulphate, and often high carbonate or bicarbonate, 
chloride-containing waters ranging from 3000 to up to as 
much as 28,000 ppm T.D.S. 

The type of water associated with the gold - mines 
requires very large installations (two-and-a-half million 
gallons a day and upwards), while the second type is asso- 
ciated with small municipalities, rural areas, farms, stock 
watering, etc., requiring medium-size installations of about 
300,000 gallons per day down to small units of only 2000 
gallons a day. The large installations would be associated 
with adequate technical facilities, while the smaller units 
would have to be virtually automatic and s:mple to 
operate, often being operated by unskilled persons several 
hundred miles from the nearest technical or servicing 
point. 

With these requirements as a background, work has 
proceeded along three parallel and interdependent lines. 
The first has been the design and extensive field testing of 
a unit suitable for the problem of the gold-mines; the 
second has been the consideration of small units for opera- 
tion in remote areas; and the third has been the develop- 
ment of suitable cheap membranes to enable the process 
to be economic. 

With a very few exceptions, the process in the Union of 
South Africa will not bear very high costs. A water of 
1000 ppm NaCl should be available at not more than 
2s. 6d.-3s. per 1000 gallons, excluding distribution charges, 
for domestic use in a small municipality, while a water 
which has been desalted sufficiently for watering stock, 
such as cattle or sheep, should not cost more than about 
6s. per 1000 gallons, although this: figure does indeed 
depend upon a variety of local factors. The use of desalted 
water for irrigation has not been considered a practical 
proposition at present. 

To appreciate the South African position, one must 
realise that in very many rural areas humans are used to 











Since 1952, the National Chemical Research Laboratory of the South African Council for Scientific and In- 
dustrial Research has been studying methods of desalting water. In the Orange Free State the problem arose 
of taking brine which has to be pumped from the gold-mines and desalting it to produce water suitable for 
irrigation purposes. This problem has now been solved, and it is estimated that water could be desalted for as 
little as 2s. 4d./1000 gal. using an electrodialytic process, the price of electricity at the gold-fields being 0.3d. kWh. 
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Fig. 1. The principle of the membrane 

press. Brackish water flows from the 

tank (top left) through the membrane 

press and emerges in two main 

streams—one comprising demineral- 

ised water and the other concentrated 
saline water. 
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drinking water of very high saline content, so that this, 
coupled with high temperatures, enables a figure of 1000 
ppm NaCl to be tolerated. Furthermore, for farming 
applications, the tolerance of animals to saline water is 
very much greater than for humans, so that only a rela- 
tively small degree of desalting, and over the economically 
more attractive higher concentration ranges, may be 
required. There are extensive areas containing excellent 
grazing for stock, but with water so saline that animals 
cannot drink it. Their development is dependent entirely 
on the development of economic desalting processes. 


Development of Membranes 

When the present work was started, it was realised that 
one of the major drawbacks to the process as a whole was 
the high cost of the permselective membranes then avail- 
able, and the uncertainty as to their life under practical 
operation jn the field. It was decided, therefore, that the 
development of cheap membranes must go together with 
the development of the electrodialysis process and plant and 
that, where possible, extensive field trials should be carried 
out. This policy has made it possible for membranes to be 
developed to suit a particular water and the economics of 
the process, while extensive field testing has given material 
assistance jn understanding the relationship between the 
behaviour and structure of permselective membranes on 
the one hand and plant phenomena on the other. 

In the case of desalting mine water, a large number of 
exploratory tests were carried out using a “synthetic” 
brackish water in an electrodialysis unit having a maxi- 
mum capacity of 250 gph when operated with 50 cells (50 
desalting and 50 concentrating compartments) and desalt- 
ing over a range of some 800 ppm NaCl. This unit was 
Operated batchwise and over a wide range of conditions. 
From the data obtained, cost estimates showed that for 
the particular case of the mine water it should be possible 
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to desalt it down to 1000 ppm at an cutput of 100,000 gph 
desalted water for a total cost of about 2s. 4d. per 1,000 
imperial gallons. This cost includes pretreatment of the 
water, all normal running costs, and redemption over 10 
years with interest at 6$% a year. For desalting to 500 
ppm, costs would rise to approximately 3s. per 1000 
gallons. These low estimated costs were only possible on 
the basis of using low-cost membranes which were then 
just being developed by the s.a.c.s.1.R. At that time, it 
seemed that it should be possible to make these membranes 
at a cost of about one-fifteenth to one-twentieth of the 
prices quoted for the more conventional permselective 
membranes then available on a very limited scale. As the 
S.A.C.S.1.R.-type membranes had not then been extensively 
tested, a lifetime of only 4 months (later extended to 6 
months) was allowed for them. 

The preliminary electrodialysis tests had shown that the 
power consumption was considerably lower when using 
S.A.C.S.LR.-type membranes than when using the conven- 
tional types then available consisting of milled ion- 
exchange resins in an inert matrix. Furthermore, it was 
found that this latter type of membrane was far more 
prone to certain scaling troubles than were the C.S.LR. 
membranes. From practical experience, it was considered 
that it was these scaling troubles that would, in fact, limit 
the actual life of the membranes rather than a slow break- 
down of their electrochemical properties or actual 
mechanical break-down. Taking these factors into con- 
sideration, calculations showed that the economics of 
electrodialysis when using the conventional types of mem- 
branes then available was completely unattractive as a 
solution to the problem of the gold-mines. When using the 
S.A.C.S.LR.-type membranes, it was calculated that for the 
electrodialysis section of the process (i.e., excluding pre- 
treatment) membrane replacement would account for 
approximately 18-20% of the cost, and power for electro- 
dialysis approximately 22-24%. It was decided, therefore, 
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Fig. 2. 


The pilot plagt at Welkom for desalting 
water. (Photo: Anglo-American Corporation.) 


that efforts should be concentrated on improving and 
field testing the membranes developed by the C.S.1.R. 


Pilot Plant Tests 


A pilot plant was designed and erected at one of the 
Orange Free State gold-mines in collaboration with the 
mining companies and has been in almost continuous 
operation since Febraury, 1956. Sections of the plant were 
actually operating in September, 1955. 

This plant has an output of 1000 gph of water when 
desalted to 1000 ppm NaC! and is operated as a four-stage 
continuous plant with full water pre-treatment facilities. 
It has been operated exclusively with S.A.C.S.1.R.-type low- 
cost membranes. Results from the plant have confirmed 
the correctness of the basic data used in the original cost 
estimate, and calculations show that desalting costs should, 
in fact, be of the order stated. 

When operating with brackish water, scaling is often 
experienced on the membranes and on the electrodes. 
These phenomena can sometimes be the determining fac- 
tors in the economic feasibility of the process. In many 
cases means for preventing scale formation are known, 
but the methods may be uneconomic. 

In the case of the underground water from the mines, 
no difficulty has been experienced with scaling on the 
membranes due to Ca and Mg salts, but a certain 
amount of trouble has been experienced due to certain 
metals present in the water in extremely small proportions 

less than 0.05 ppm. 

A solution of this problem has been found, but it 
emphasises what has been found on other occasions, that 
minute traces of substances whose presence in the water 
may be unsuspected can, in time, cause difficulties in 
operation. Field tests on the actual water to be treated are 
at present considered absolutely essential and such tests 
should operate continuously for at least 4-6 months, or 
for such period as has been allowed for membrane life 
or for shut-down of the electrodialysis units for cleaning. 

Field tests are also being carried out over a wide range 
of current densities, so that reliable data can be obtained 
for calculating the most economic arrangement. This work 
has processed to the stage where the mining companies, in 
consultation with the S.A.C.S.LR., are preparing plans for 
a full-scale plant for 1000 gph output. A _ prototype 
electrodialysis unit of the large-scale plant should be on 
test in the field in March, 1957. 
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In connection with the proposed full-scale plant, the 
Anglo American Corporation of South Africa Ltd. sent 
out in October, 1956, a world-wide invitation to tender for 
the supply of membranes for this plant, an initial 30,000 
anionic and 30,000 cationic membranes 66 X 214 cm being 
required and a further 45,000 of each a year. Fully inte- 
grated operativn of the pilot plant in the field has pointed 
the way to several improvements in design and operational 
procedure which are being incorporated in the prototype 
unit. 

So far, the S.A.C.S.1.R. has made some 3500 membranes, 
ranging from 11 X 36 in. to 18 X 68 in. in size, and 
appreciable quantities have been supplied for research 
purposes to organisations in England and Holland. and 
samples for evaluation to firms in these countries and the 
U.S.A. 

The S.A.C.S.1L.R. is also actively engaged in the develop- 
ment and testing of small units for farm and rural use. 
At present, work is confined to the testing of experimental 
units in the laboratory using synthetic brackish water. At 
the same time, a large co-operative programme has been 
initiated with various Government departments, whereby 
an exhaustive survey of water deposits and types will be 
made and the effect of various types and concentrations of 
brackish waters on animal health will be investigated. This 
latter programme is a long-term one, but of considerable 
importance, since such data as are available from overseas 
experience are not necessarily applicable to grazing 
conditions in South Africa. 

The work so far carried out by the s.A.c.S.1.R. has shown 
that: 

(1) The economic practicability of electrodialytic 
desalting depends so much on each individual case and 
on local conditions that no generalisations can be made, 
but that the reduction in cost of membranes and im- 
provements in methods for reducing scale formation, 
so as to extend useful membrane life, seem to be the 
most important lines to pursue in reducing costs. 

(2) With the present state of knowledge of the effect 
of different water types on the electrodialysis process, 
tests of several months’ duration on the water to be 
treated are highly desirable. 

(3) Both membrane development and plant develop- 

ment should be integrated, so that use of the best 

features of each can be made. 


This paper is published by permission of the South African Council for 
Scientific and Industrial Research. Fig. 1 is based on a diagram originally 
published in ‘‘Optima’™’ (June, 1955) 


Odourless Fish Meal 


AFTER SIX MONTHS’ EXPERIENCE gained on a pilot 
plant, South Africa is inviting manufacturers to tender 
for a full-scale plant to produce high-quality fish flour fit 
for human consumption by a new solvent-extraction pro- 
cess. The plant will produce about 5000 tons of fish flour 
annually. The method has been developed, under the 
sponsorship of four leading fish meal producers, by re- 
search workers representing South Africa’s Fishing Industry 
Research Institute, marine oil refiners and the Council 
of Scientific and Industrial Research. Commercial fish 
meal or press-cake is extracted with a solvent mixture of 
90%, alcohol and 10% ethyl acetate. 

Five or more extractions are made, until the solvent 
drains out colourless. Each extraction takes 20 minutes at 
the boiling point of the solvent, about 180°F. The ratio cf 
solvent to meal is approximately 2.5:1 by weight. Each 
extraction is followed by a 1:1 wash with clean solvent. 
After extraction the flour is freed from all traces of 
solvent by drying in hot air or by vacuum (with or with- 
out steam stripping). This process produces a neutral fish 
flour, free from the effects of heating. It is also completely 
free from all fishy or other foreign odours. 
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The crumb-producing section. Note the fibreglass polyester coagulating tanks in the foreground. 


NEW SYNTHETIC PLANT AT FORT DUNLOP 


International Synthetic Rubber Co.’s 50,000 tons-a-year Fawley 


plant, to be completed by 1958, will gain valuable ‘“‘know-how”’ 


from the Dunlop synthetic rubber plant herein described 


HIS plant may be looked upon as a large-scale pilot 

plant. Its purpose is to provide synthetic materials such 
as rubbers of the GRS type derived from butadiene and 
styrene and synthetic rubbers derived from other mono- 
mers in sufficient quantities (1500 tons per annum) to carry 
out extensive field investigations of the various products 
which the plant can manufacture. The design of the plant 
allows wide variations in manufacturing technique. The 
main features of the plant and flow of materials are illus- 
trated in the accompanying flow diagram. 

At present the plant is making synthetic rubber of the 
GRS type. Butadiene is stored in a 12,500-gallon tank 
under nitrogen pressure. Styrene is stored in a 2000-gallon 
tank. The butadiene contains about 100-200 ppm of a 
polymerisation inhibitor such as tertiary butyl catechol, 
which has to be removed before the butadiene is suitable 
for the polymerisation process. A pre-treatment unit is 
provided to accomplish this end. Two different kinds of 
treatment can be given: either washing with alkali, such 
as caustic soda, followed by a final water wash, or distil- 
lation. The latter method is not usually employed for buta- 
diene but is there to deal with special pre-treatment prob- 
lems which might arise, for example, from the presence of 
an inhibitor not removable by the alkali wash. Another 
possibility is the use in the process of a monomer other 
than butadiene which cannot be treated effectively by 
washing. 
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The capacity of the distillation vessel is 300 gallons. It 
has a short column without plates or packing, interposed 
between the still and condenser. The washing vessel is of 
mild steel construction of 900 gallons capacity. A turbine- 
type agitator is fitted and the gland at the point of entry 
of shaft to the vessel is mechanically sealed. 

In the washing process the heavier aqueous layers are 
removed by draining from the base of the vessel and the 
butadiene is allowed to remain there until required for 
processing. It is then transferred by centrifugal pump to 
the polymerisation vessel. The washing vessel is equipped 
with a contents gauge. There is also a displacement meter 
in the pipeline feeding butadiene to the latter vessel. Con- 
sequently, there is a double check on the charge of buta- 
diene fed to the polymerisation stage. The washing process 
is of short duration and occupies no more than half an 
hour. 

Styrene also contains a polymerisation inhibitor, but 
this is not removed prior to polymerisation. Nevertheless, 
this monomer can be diverted to the pre-treatment distil- 
lation plant should at any time pre-treatment be required. 
Such measures are typical of the flexibility provided by the 
plant. The method of metering styrene to the polymerisa- 
tion reactors is the same as in the case of butadiene. 

Both monomers are passed through a stainless-steel 
shell and tube heat exchanger en route to the reactors. 
Steam, water or brine may be applied to the reactor jackets 
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to give the degree ef cooling or pre-heating demanded by 
the process. The reactions, which may occupy between 
8 and 12 hours are carried out normally at a temperature of 
50°F and at pressures of approximately 20 psig. However, 
higher pressures and temperatures up to 150°F can be 
tolerated if required by process conditions. Heat of re- 
action in the case of reactions carried out at the lower 
temperatures is removed by circulating brine at a tem- 
perature down to 16°F around the vessel jacket. It is 
possible, however, to use water as the cooling fluid for 
reaction carried out at higher temperatures. 

Otherematerials used in this stage of the process are 
emulsifiers which are added to assist the dispersion of 
the monomers in water. Water used at this stage is 
obtained from the vacuum-steam stripping unit used for 
recovery of unreacted styrene from the reaction products. 
It is therefore already soft and requires no equipment for 
that purpose. A modifier such as a tertiary mercaptan is 
added to control the degree of polymerisation, and finally 
to catalyst and activators. They have to be added when the 
monomers are in the reactor and therefore have to be 
introduced against the vapour pressure of butadiene. This 
is carried out by means of small charging pots. 

In a typical reaction the procedure is to add water 
followed by emulsifier, modifier, and then the monomers. 
The two former materials are added via funnels fitted to 
the vessels. The catabyst and activators are added last of 
all by means of the metering pots. There are four reactors, 
two of 1400 gallons capacity, one of 700 gallons capacity 
and one of 110 gallons capacity. All four are glass lined 
and are fitted with agitators whose speed may be varied 
from 59-200 R.P.M. Recording thermometers and pressure 
instruments are provided at each vessel. 

After polymerisation has progressed to the desired 
degree, which can be determined from analysis of samples 
withdrawn from the reactor, its contents are discharged by 
gravity to one of two blow-down tanks. At the same time, 
the short-stop is added to arrest further reaction. The 
short-stop charge is contained in a small closed vessel 
similar to those used for charging catalysts to the poly- 

To 
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merising vessels. These vessels are of 3000 and 1000 gal- 
lons capacity and are also provided with agitators. 

The next stage in the process is the removal of excess 
butadiene and styrene from the products of reaction. 
Butadiene is recovered by means of a two-stage flash 
vaporisation process. In the first stage the products are fed 
to a stainless-steel vessel maintained at a pressure of 2-3 
psig, and the vapours released from the charge are com- 
pressed to about 50 psig by means of a water-ring com- 
pressor. The products pass next to the second vessel, which 
is maintained at a pressure of 200 mm Hg absolute, and 
the vapours evolved are compressed to the same pressure 
by another water-ring type of compressor. The compressed 
vapours of butadiene are conveyed to a water-cooled con- 
denser and the liquefied butadiene returned to a storage 
vessel for re-use in the process. The products, now free of 
butadiene, are then fed to a vacuum-steam stripping unit. 
The feed is first heated by direct steam injection. The 
column, which contains 10 perforated-plate-type trays, is 
maintained at a vacuum of 28 in. mercury, the source of 
vacuum being a two-stage water-ring-type pump. The 
steam and stripped styrene are condensed in a conven- 
tional tubular condenser constructed of stainless steel. The 
condensate is collected jn one of two stainless-steel settling 
vessels. After complete separation of the two liquids, the 
styrene is separated from the aqueous layer and trans- 
ferred to storage. The water. as indicated earlier, is 
returned to storage for use in further polymerisations. 
This procedure avoids the necessity for softening the water 
and avoids having to treat it as an effluent. Continuous 
separation of phases after condensation is often not prac- 
ticable because a rapid separation of styrene from water 
does not always occur. The stripped latex is collected 
continuously in one of two receivers and from there 
pumped to the blending tank. 

The coagulating process then follows, by which a 
crumb is produced from the latex by the addition of an 
acidified solution of sodium chloride. The crumb is 
separated from the liquor by vibratory screening. The 
crumb, after separation, is washed again on another screen 
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and conveyed to rollers where it is further washed and 
partially compacted. The liquor from the first separation 
is returned to a fibre-glass-epoxy vessel where it is re-used 
for the coagulation process. The compacted crumb is 
disintegrated in a swing hammer mill and the broken pro- 
duct is dried in a steam-heated, three-pass drying oven. 
Thereafter the dried material is automatically weighed and 
baled, followed by dusting and packing. 

All vessels containing or processing butadiene under 
positive pressure are fed with nitrogen derived from a 
town’s gas combustion unit. The nitrogen is compressed 
to 85-100 psig by means of a reciprocating compressor. All 
electrical gear used in the plant area is flameproof. An 
interesting feature is the use of a pressurised room at some 
distance from the main plant area which contains switch- 
gear of normal, ie., non-flameproof, pattern. This is used 
in conjuction with flameproof push-button switches in- 
stalled near the prime movers at the plant. This installa- 
tion avoids the expense of heavy flameproof switchgear, 


and the combined cost of the room, ordinary switchgear 
and flameproof switches amounts to much less than the 
former. Refrigeration is provided by a_ single-stage 
ammonia unit of approximate capacity 400,000 Btu/h. 

Dunlop’s Central Research Division was directly respon- 
sible for the process design and co-ordination of the 
project. Their Architects’ Department was responsible for 
the detailed design and construction of the buildings and 
for civil work on the site, whilst the building contractors 
were R. M. Douglas & Co. Ltd. The Central Purchasing 
Department was responsible for the commercial and con- 
tractual aspects of the project. The Fort Dunlop engineers 
were responsible for providing all utilities and fire-protec- 
tion equipment. Fire-fighting equipment was provided by 
Mather & Platt. The main contractors were Foster Wheeler 
(Great Britain), and sub-contractors to Foster Wheeler 
were Toon & Partners (pipe-work), Allens Erection & 
Engineering Co. (steelwork), Harris & Sheldon (electrical 
equipment) and Nadin (insulation). 


BIOCHEMICAL ENGINEERING: A SUBJECT WITH A 


GREAT FUTURE 


IR HAROLD HARTLEY, F.R.S., had been scheduled 
Sic give the first of the series of ten post-advanced lec- 
tures on biochemical engineering arranged by Manchester 
College of Technology in collaboration with the Man- 
chester and District Advisory Council for Further Educa- 
tion. The date of the lecture (January 18), however, 
coincided with Sir Harold’s departure for Australia to 
attend the Canberra productivity conference and his place 
at Manchester was taken by Mr. F. E. Warner. Copies of 
the paper which Sir Harold had intended to deliver were 
made available to all who attended Mr. Warner’s lecture. 

Sir Harold expressed his pleasure that this course of 
lectures, the first of its kind to be organised in Britain, 
should be given at the Manchester College of Technology; 
78 years ago George E. Davis gave the first course of 
chemical engineering lectures at the Manchester Technical 
School, the forerunner of the College of Technology. This, 
said Sir Harold, was a good omen for a subject that has 
a great future. 

Sir Harold began by stressing the point that there are 
limits to the man-made synthetics. “We can synthesise 
comparatively simple molecules economically, and we can 
join them into regular polymers like Terylene, but we can 
never hope to make commercially the complex proteins 
and polysaccharides on which nature in the long course 
of evolution has decided that man must live. And yet 
living organisms make them so cleanly and efficiently by 
their template methods with the aid of enzymes, nature’s 
catalysts, whose accurate workmanship is such a frustrat- 
ing contrast to the clumsiness of the man-made catalysts 
and chemical agents.” 

Turning to industrial microbiology, Sir Harold referred 
to the earlier fermentation processes that were used to 
make the simpler carbon compounds like alcohol, acetic 
acid and acetone. With the growth of the petrochemical 
industry and the use of synthesis gas from coal, these 
substances are nowadays being made more economically 
from these sources. ““We are now looking more and more 
to micro-organisms for larger and more complex mole- 
cules, and this, I think, is the field of the future for bio- 
chemical engineering,” said Sir Harold. He disagreed 
with those who say that biochemical engineering is but the 


March, 1957 


— SIR HAROLD HARTLEY 


application of living catalysts in place of, say, platinum. 

“During the lifetime of an inorganic catalyst it will 
continue to exert the same influence on any given chemical 
system with declining activity as it is gradually poisoned 
or rendered inert. The living cell is entirely different, as 
it often passes through various metabolic changes in its 
life-time when its growth phenomena and its excreta 
undergo radical alterations on which its industrial applica- 
tion must be based. The living cell seldom conforms to 
standard laboratory practice. It does many unexpected 
things with an amazing range of versatility and adapt- 
ability to circumstances. Different micro-organisms pro- 
duce a wide range of products from the same substrate, 
e.g., from glucose you can get ethyl alcohol, lactic acid or 
acetone and many others; and they can do amazing things 
like the chlorination and nitration of an organic com- 
pound in aqueous solutions at ordinary temperature 
leading to chloramphenicol.” 

Sir Harold referred to the remarkable biosyntheses that 
yield antibiotics. He quoted Prof. Kluyver’s comment on 
the formula of streptomycin—‘“it can most aptly be 
described as the product of an organic chemist just before 
his admittance to a lunatic asylum”. The structures of the 
three parts of this molecule are all equally irrational; the 
mere idea that nature has fitted these units together to 
form a molecule with a remarkably specific action tends 
to depress the most modest amongst biologists. 

He criticised the use of the term “biological engineer- 
ing’—which some people use instead of “biochemical 
engineering”. He considered it a misleading term, because 
it does not explain the relationship of biochemistry and 
chemical engineering, which are both involved together 
with microbiology and genetics. 

Sir Harold concluded by accepting Sir Christopher 
Hinton’s “axiom” that, as the spectrum of the chemical 
engineer widens, it proceeds to embrace a number of 
specialist activities with a common educational back- 
ground. “One of these activities is clearly biochemical 
engineering. I see a great opportunity for a few post- 
graduate schools in this field at institutions where the 
requisite training facilities in biochemistry, microbiology 
and genetics already exist,” he added. 
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HALL 


Graphite, specially shaped, dimensioned and formulated for 
specific atomic energy applications is thoroughly job-proven. 
The first reactors built used graphite. Today these reactors 
continue to produce material for our atomic energy programme 
and they continue to depend on high purity graphite for their 
operation. Other reactor moderators—water, heavy water, various 
metals and oxides—have undergone experimentation, pilot plant 
study and actual construction. But, the use of graphite in the 
reactor is proven from the staridpoint of economy, dependibility 
and safety. 


BRITISH ACHESON ELECTRODES LTD 


GRANGE MILL LANE, WINCOBANK, SHEFFIELD 
Telephone: Rotherham 4836 (4 lines). Telegrams: Electrodes, Sheffield 


BRITAIN’S LARGEST MANUFACTURERS OF GRAPHITE 
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American Patent Practice 


S a general proposition, it can be stated that the 
United States patent laws do not discriminate against 

the foreign inventor. Perhaps the only important exception to 
this generalisation lies in the priority date which the United 
States grants to an invention conceived and perfected 
abroad. Because of the potential importance of obtaining 
the earliest possible priority date in the United States, the 
following comments will be of interest to British inventors 
who wish to obtain patent protection in the United States. 


Stating the Problem 

At the outset. it should be noted that priority dete 
means thot date of leee! significance from which an inven- 
tor may claim his invention to the exclusion of all sub- 
sequent similar inventions. Under British practice, the 
determination of a priority date is of no problem, since 
this is simply that date when a provisional or complete 
specificaiion is filed. Such legal niceties, however, do not 
prevail in the United States; rather, the determination of 
a pricrily daie may be dependent upon such factors as 
the “date of conception”, the “date of construciive reduc- 
tion to practice” or the “date of actual reduciion to prac- 
tice”, any of which may antedate the filing of the patent 
specification. Quite simply then, in Britain a priority date 
is established only upon the filing of a provisional cr 
complete specification; whereas in the United States a 
priority dete may be established as early as the moment of 
conception. subject to the exception that the inventor must 
use due diligence in reducing his invention to practice. 

The United States rule has been long established and it 
was summed up quite succinctly by one court, when it 
said in 1909: 

“When two patents for the same invention have been 
issued to independent inventors, we understand the rule 
to be that the dates of their respective inventions are, 
first, the dates of the patents; second. the dates of the 
applications, providing the application _ sufficienily 
describes the invention; third, the dates of actual reduc- 
tion to practice: fourth, the dates of concepiion; with 
this qualification, that, if eithcr patentee seeks to carry 
the date of his invention back to the date of his con- 
ception, he must show reasonable diligence in adapting 
and perfecting his invention, either by actual reduciion 
to practice or by filing his application.” 

This ruling applies with equal force today. 

The consequences of these differing rules become quite 
apparent: the British inventor must engage in a race to 
the patent office with his nasceni idea and may then pro- 
ceed more leisurely in its development which culminates 
in the filing of a complete specification. Conversely, his 
American counterpari need noi hurry to the patent office 
with his idea, but may more fully explore its ramifica- 
tions before preparing and filing a patent specification. 
Note then, jt is this feature of the American law that 
discriminates against the British inventor. Acis of inven- 
tion, such as conception and reduction to praciice, are of 
no legal significance unless such acts are performed within 
the continental limits of the United States. Thus, it is 
possible for a subsequent American inventor to prevail in 
United States patent proceedings against a prior British 
inventor, solely due to the fact that the British inventor 
cannot introduce evidence of inventive acts which tran- 
spired beyond the continental limits of the United States. 
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Resolving the Problem 

The problem now raised is this: How can a British 
inventor piotect his ideas in the United States against a 
possible subsequent American inventor? The problem is 
not difficult to resolve. The British inventor may establish 
a priority date within the United States by any one of the 
following acts: filing either a provisional or complete 
specification in Great Britain; filing a specification in the 
United States; introducing the invention or the idea into 
the continental limits of the United States. 

The consequences of these various courses of action are: 

(1) Filing either a provisional or complete specification 
in Great Britain. This would seem to be the most obvious 
solution to the problem, since, by such act, the inventor 
gains priority not oaly in Briain but also in the United 
States. While this cerizinly is true, there are certain pit- 
falls which sculd be noied. First, the United States gives 
cognizance to the dete of filing of a British specification 
solely upon the basis of an international patent convention 
agreement. Under this agreement, it is necessary to file 
an application based upon such invention within one year 
subsequent to the filing cf the British specification. 
Further, such United States application must be based 
solely upon those disclosures made in the original British 
specification. Obviously then, there are certain matters 
which detract irom this method of gaining United States 
priority. No frotection is gained for the British inventor 
for the period intervening the date of his invention and the 
time he actually files a provisional or complete specifica- 
tion. A specification based on the same invention must 
be filed in the United States within one year. If future 
research or development prove that the basic invention is 
of broader scope than envisaged at the time of filing the 
original British specification, the priority date in the 
United States for such extended scope will be that date 
claimed in Great Britain, and not the date of the original, 
more limited, specification. Thus, reliance upon filing with 
the British patent office to establish a priority date within 
the United States offers limited protection. 


(2) Filing a specification in the United States. This 
method for establishing a priority date in the United 
States is subject to much the same objections as in (1). 
First, the invention must be encompassed in its entirety 
before the specification is filed and, second, there is no 
protection for the British inventor between the time of 
actual invention and time of filing in the United States. 


(3) Introducing the invention or the idea into the con- 
tinental limits of the United States. This third course of 
action is perhaps the easiest and best method for obtain- 
ing the earliest possible priority date in the United States. 
There are no formalities with which compliance must be 
observed in introducing inventions into the United States 
for purposes of gaining a priority date. A simple and 
effective means to introduce inventions is to forward a 
copy of all ideas and research reports to an American 
correspondent, who will acknowledge the date of receipt. 
By such means, a research or development project may 
be protected as the project develops step by step. Thus, 
the full scope of an invention is protected within a few 
days of its actual conception and the discrimination of the 
United States laws against the British inventor may be 
effectively circumvented. 
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““We’ve got a very similar problem,” 
we told the Old Woman, “there are so many 
applications for pH that we don’t know how 
to start telling people about them.” 

For Industry too has problems of 
water supply, effluent disposal, wash- 
ing, baking, and the preparation of 
food . . . but we can’t discuss all its pH 
potential in one advertisement. All we can 
say is that the pH of process solutions 
governs the quality of a finished product— 
that the determination and correction of pH 






values at critical stages prevents waste—and 






that accurate pH determination is more 
usually known as Pye pH. That is not 
fiction ! / 






Are you in a pHlap about pH? 


Possibly not! But we would like you to write for our 


illustrated booklet entitled “‘A Happy Solution”. It describes 
the Pye range of direct reading instruments and their 
associated electrode systems, and discusses the ways in which 


various industries are benefiting from the use of pH control. 


» J | 
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Ww. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE 
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Air Lift Aids Filtration 


THE AIR-LIFT principle may be 
incorporated in a disc-type or rotary- 
drum filter with advantage in instances 
where high-density, fast-settling metal- 
lurgical concentrates have to be fil- 
tered. One manner of using the 
principle is illustrated here. A con- 
nection is made from the bottom of 
the bath to the pipework loop through 
which the pulp is recirculated back to 
the bath. The final vertical length of 
pipe is screwed into a _ four-way 
branch, whose lowermost connection 
receives compressed air for the air 
lift. A further cross connection is 
fitted under the stop valve at the bath. 
The spare branches of the crosses 
carry plug valves to allow rodding in 
case of solids settlement in the hori- 
zontal section of piping. Maintenance 
and running costs of a system of this 
kind for filters which must have an 


3-way valve 
to permit 
back flow 


Compressed 
air 







3 in. cock to 
allow access 








air blow to discharge the cake will 
often be less than with a mechanical 
system of agitation. Such circulation 
gives better agitation and better pick- 
up on the surface of the filter. 


Simple Vacuum Controller 
From Standard Fittings 


A CHEAP and reliable vacuum con- 
trol can be constructed from a stan- 
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valve. The only special part required 
is a deep nut drilled to take the ten- 
sion spring. This nut replaces the one 
normally used for securing the seating 
disc to the clack. The remaining parts 
consist of the spring, two hexagonal 
nipples, nut and bolt. washer and a 
screwed tee connection, all of which 
are assembled in the manner shown in 
the diagram. The bolt is drilled at its 
end to take the spring, and the other 
end of the spring is fixed to the bolt 
on the clack. Adjustment of the spring 
tension is varied by rotation of the 
adjusting nut, the bolt head being held 
while this is done. The spare end of 
the check-valve is connected to the 
system, the vacuum of which is to be 
controlled. 

The diagram (left) shows the com- 
plete assembly made up of standard 
malleable fittings. The vacuum gauge 
should be mounted close to the valve, 
so that the effect of any adjustments 
can be quickly noted. One point of im- 
portance is that the bolt head should 
not be allowed to rotate during adjust- 
ment or assembly. 
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Temporary Repairs to 
Perforated Pipes 


PERFORATED PIPES’ can _ be 
repaired temporarily in a number of 
ways. One method is to take a short 
piece of rubber hose, preferably of 
bore slightly less than the outside 
diameter of the pipe, and cut it longi- 
tudinally so that it can be wrapped 
round the pipe. Worm clips of the 
quick-release type are then fixed 
around the hose, with the edges of 
the latter in line with the tightening 
screws on the clips. The clips are then 
tightened to impress the hose over the 
perforation. Jointing paste smeared 
over the inner surface of the hose 
helps to make a good joint. 

Another method of temporary 
repair uses epoxy resin and fibreglass. 
In this procedure one cleans the area, 
removing loose deposits and scale. The 
resin mix is made with a filler, such 
as talc, and fast hardener in the pro- 
portions of resin 100 parts, filler 130- 
140 parts and fast hardener 6 parts. 
The putty-like mix is then applied to 
the damaged area with a trowel. The 
application will take 4$-} hour to gel, 
after which a strip of glass mat or 
cleth, impregnated with the resin- 
plus-hardener, is wrapped around the 
treated area. If desired, a final coat, 
similar to the first, can be applied, 
followed by a_ further  glass-fibre 
wrap. The two methods can also be 
combined. 










% I~ Worm clip 


\pipe to be repaired 
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Mixing Control 
By Means Of 
Refractive Index 





—<«/st Reactant 


2nd Reactant 







Refractometer 
controller 


Mixed 


Mixer stream 


MANY PROCESSES requiring the 
mixing of streams of clear liquid are 
amenable to control by means of 
refractive index measurement. One 
example is the blending of butadiene 
with styrene prior to manufacture of 
synthetic rubber by continuous poly- 
merisation. The refractive index of the 
blend, according to the proportions in 
which the monomers are normally 
used, will be about 1.5080, whereas 
the values for butadiene and styrene 
are 1.5434 and 1.4210 respectively. The 
comparatively wide gap in refractive 
indices between either monomer and 
the blend affords a good basis for 
control, since small changes in blend 
composition represent easily detected 
variations in refractive index. 

This system of measurement is find- 
ing wide applications in distillation 
columns for control of purity of pro- 
duct, etc. 


Inexpensive System 
Prevents 
Adherence Problem 


WET OR PASTY materials may 
sometimes give trouble during process- 
ing in rotary equipment through 
adhering to their walls. Fisons Ltd. 
have overcome this problem by an 
inexpensive system of swing hammers 
attached at intervals around the peri- 
phery of a rotating drum—used for 
producing granules of compound 
fertiliser. 

The hammers are attached to steel 





Safe Discharge of Liquids From 
Storage Tanks 


THE IDEA OUTLINED is intended 
to meet the difficulty of transferring 
occasional small quantities of liquid 
from large-capacity storage tanks 
which are normally discharged to 
tankers. At one plant where this situa- 
tion often arises (Hess Products Ltd., 
Littleborough), containers of 40 
gallons capacity or less have to be 
filled, as well as the road tankers. The 
storage tanks are provided with 3-in. 
discharge connections each fitted with 
a quick-opening, lever-operated dia- 
phragm valve and a gate valve in 
series. When a tanker is to be filled 
the hose connections to the tank are 
made and the gate and diaphragm 
valves opened to the full. When a 
smaller container is to be filled, such 
as a 40-gallon drum, the flow from 
the full bore of the discharge connec- 
tion would, naturally, be much too 
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fast for safety and spillage would 
most likely ensue. The procedure, 
therefore, is to have both valves 
closed initially and to connect the 
drum-filling bend to the gate valve 
which the operator “cracks” before 
opening the diaphragm valve; adjust- 
ment to the former may be made 
while the drum is being filled and, if 
necessary, the flow can be interrupted 
by means of the diaphragm valve. 
Once the operator sets the gate valve 
to give a safe rate of flow he can 
carry on filling a number of drums, 
leaving the gate-valve setting undis- 
turbed and using the lever-operated 
diaphragm valve to control the flow 
from the tank. The above arrange- 
ment is better than having a separate 
small-bore connection at the tank for 
drum filling, as it does avoid the ten- 
dency of blockages in the connections. 


straps which are bolted together 
around the periphery of the drum. For 
one drum revolution, any one hammer 
will deliver a blow to the strap when 
the position reached is at about 12 
o'clock; when the 3 o'clock position 
is reached, the head of the hammer 
stands about 14 in. clear of the 
strap and, through the design of the 
pivot, remains in this position until 
the 12 o'clock position is again 
reached. The succession of sharp raps 
given to the shell of the drum helps 
to prevent material from adhering to 
its inner surface. The main features 
of the hammers and straps are shown 
in the diagram and photograph. 




















Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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Thermodynamic Functions of Gases 
—Volumes I and ll 


Edited by F. Din, Ph.D. 


Vol. !, 175 pp., Vol. Il, 201 pp. Butterworths 
Scientific Publications, London, 1956. Price 
63s. per vol. 


ITH the initiation of this series, 

yet another credit is due to the 
British chemical engineering profes- 
sion. An excellent groundwork has 
already been laid with the publication 
of the  Richardson-Coulson _ text, 
Chemical Engineering (2 vols., Per- 
gamon Press, 1954-5), and the begin- 
ning of the long-term encyclopedic 
project, Chemical Engineering Prac- 
tice (12 vols., Butterworths Scientific 
Publications, 1956-?). 

These surveys of thermodynamic 
properties have been undertaken in 
connection with a scheme sponsored 
by the D.S.I.R. The detailed work has 
been organised by the Thermodyna- 
mics Committee of the Mechanical 
Engineering Research Board under 
the able chairmanship of Prof. D. M. 
Newitt. The scheme envisages provi- 
sion of thermodynamic data for all 
industrially-important gases: 

The contributions in these volumes 
are a result of close co-operation 
between academic and industrial or- 
ganisations. The first section of 
Volume I deals generally with ther- 
modynamic diagrams and their pre- 
paration. It is an excellent introduc- 
tion to the subject and also includes 
interesting historical background. The 
volumes then go on to deal with 
individual gases along the following 
general pattern: 

Survey of existing data; Calcula- 
tion of the thermodynamic functions 
and construction of the thermo- 
dynamic diagram; Discussion; Tables 
of thermodynamic functions; Proper- 
ties of saturated solid and vapour; 


Properties of saturated liquid and 
vapour; Specific heat at constant 
volume; Specific heat at constant 
pressure; Entropy; Enthalpy; and 
Volume. For each gas, all existing 


information has first been critically 
assessed and the most reliable data 
has then been used to prepare the set 
of tables and a diagram. 

Of the various types of thermo- 
dynamic diagram, the temperature- 
entropy one has been chosen because 
it is generally familiar and has an 
open, easily-read construction. The 
diagrams printed in the book are too 
small to use and enlarged wall charts 
are available separately from _ the 
publishers (price 15s. per chart). It 
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would have been extremely useful to 
have slightly larger diagrams, about 
twice the present size, in the book for 
everyday use. 

The temperature and _ pressure 
ranges covered for each gas are as 
extensive 2s was possible with the 
available data. 

Each individual author was left to 
make his own choice of units and this 
has, unfortunately, resulted in the use 
of varying units and varying datum 
for entropy and enthalpy, which is 
to be regretted. 

It is useful to repeat the Editor's 
warning that these thermodynamic 
tables should not be regarded as 
being on a par with log. tables. The 
values are subject to errors indicated 
for each gas in the respective discus- 
sion section. 

The subsequent volumes in_ this 
series will cover the following gases: 
butane, chlorine, ethane, freons, 
helium, hydrogen, mercury, methane, 
nitrogen, oxygen, propylene, steam 
and sulphur dioxide. 

O. P. KHARBANDA 


Hydrogen Ions—Their Determination 
and Importance in Pure and Indus- 
trial Chemistry. Volume 1 
by Hubert T. S. Britton 
Chapman & Hall Ltd., London. 
edition, 1955, 476 pp., 70s. 

R. BRITTON’S work needs no 

introduction to workers in this 
field. His earlier editions, dating back 
to 1929, have been much sought after, 
and the present revised and enlarged 
werk is doubly welcome, since the 
last edition has been out of print for 
over twelve years. 

The contents of this volume fall 
naturally into the following main 
subdivisions, namely: general theory 
of electrometric methods; types of 
electrodes; electrometric _ titration: 
standardisation of the pu scale: and 
determination of pH by colorimetric 
methods. The appendix contains a 
useful table of pH values and hydro- 
gen electrode potentials. Very exten- 
sive references to the literature are 
included in the text and reference is 
further assisted by the inclusion of 
both name and subject indexes. 

Chapter XVII on standard buffer 
solutions, which has appeared earlier, 
will be found invaluable as a basis 
for colorimetric methods. The chap- 
ters dealing with the principles of 
volumetric analysis and with the 
work on which the B.S.I. specifica- 
tions (1950) for the standardisation of 
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the pH scale was based are particul- 
larly interesting. Throughout, theory 
and practice are dealt with in a most 
thorough manner. Two minor flaws 
in the present volume were noted, 
namely: the reference on page 447 to 


the “recent” work of Miiller and 
Partridge, published in 1928, and on 
page 71 the diagram of Bollen’s 
hydrogen electrode cell appear to 
have been rotated. 

The more applicational aspects of 
the subject will be dealt with in Vol. 
2. D.S.H 


Engineering Fluid Mechanics 


by Charles Jaeger. Translated from 
the German by P. O. Wolf 


Blackie & Son Ltd., 1956, 60s. 


HIS work is an English transla- 

tion of Technische Hydraulic, 
originally published in German in 
1949 and translated into French in 
1954. The present translation has been 
excellently done by P. O. Wolf, lec- 
turer in hydraulics at Imperial Col- 
lege, who collaborated with the 
author in enlarging and bringing the 
work up to date. 

The book, with its extensive biblio- 
graphy, in addition to being a valu- 
able reference work, promises to 
become a_ standard text-book for 
hydro-power courses, although from 
the student’s point of view it could 
usefully have been augmented by 
worked numerical examples. It is 
almost entirely outside the scope of 
chemical engineering, being largely 
concerned with flow in open channels 


and ground water flow—and in 
general with problems relating to 
N.J.H. 


water-power. 


Chemistry: The Conquest of Materials 
by Kenneth Hutton 


Penguin Books, Harmondsworth, 1957. 228 
pp., 3s. 6d. 


HERE are very few books capable 

of creating enthusiasm among the 
uninitiated for the achievements of the 
modern chemist and modern indus- 
trial chemistry. This is one of the rare 
volumes falling into that category. Its 
author, who is the headmaster of a 
new secondary technical school at 
Hatfield, has gone out of his way to 
illustrate the way in which elementary 
chemistry links up with the things 
that interest the common reader— 
such things as polythene and peni- 
cillin, selective weedkillers and _sili- 
cones. 

The up-to-dateness of this book is 
its chief attraction and we believe it will 
inspire more youngsters to take up a 
chemical career than the average 
elementary text-book. 
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Second Edition Just Published 
Chemical Engineering Operations 
An Introduction to the Study of Chemical Plant 
by F. Rumrorp, Ph.D., B.Sc., M.I.Chem.E. 


Demy 8vo. 376 pages Illustrated 32s. 6d. 


Now Ready 
Practical Pictorial Guide 
To Mechanisms and Machines 
by S. S. PALESTRANT 
Med. 8vo. About 4000 drawings 30s. 
A collection of illustrations with explanatory text for 


those who may need to devise, simplify or improve some 
mechanical process or method. 


Electrostatic Precipitation 
in Theory and Practice 


by H. E. Rose and A. J. Woop 


Cr. 8vo. 168 pages 17s. 6d. 


The Petroleum Acids and Bases 
by H. L. Locute and E. R. LitrMan 


Demy 8vo. 360 pages 50s. 


Ready Shortly 
Refrigeration and Air Conditioning 
by R. C. JorDon and J. B. Priester 
Revised Edition 


Med. 8vo. Illustrated about 65s. 


In Preparation 

A Treatise on the Internal Mechanics 
of Ball, Tube and Rod Mills 
by H. E. Rose and R. M. E. SULLIVAN 


Ex. cr. 8vo. Illustrated 


Human Relations For Management 
The Newer Perspective 


Edited by E. C. Bursk 
8vo. 372 pages about 30s. 


Brings together the best of current thinking, selected 
by the editor from the pages of the Harvard Business 
Review. 


CONSTABLE & CO. LTD. 
10 ORANGE STREET, LONDON, W.C.2 























CHAPMAN & HALL 


* New Books x 
COLORIMETRIC ANALYSIS 


Volume I 
Determinations of Clinical and 
Biochemical Significance 
by 
Noel L. Allport 


F.R.LC. 
(Consulting Analyst) 
and 


J. W. Keyser 
M.Sc., Ph.D.(Lond.), A.R.1.C. 


(Senior Lecturer in Chemical Pathology, 
The Welsh National School of Medicine) 


SECOND EDITION 

Size: 83” x 54” 424 pages Illustrated 50s. net 
Since this work was first published 12 years ago, 
colorimetric methods of analysis have found many more 
applications, while a considerable number of the original 
procedures have been improved. When the second edition 
became necessary, it was realised that the subject could 
no longer be limited to one volume, nor would it be possible 
for the author of the first edition to deal single-handed 
with such an extended field. The scope of the first volume 
is revealed by the sub-title above, and in volume two it is 
hoped to describe colorimetric methods applicable to 
metals, foods, pharmaceutical products and so forth. 


THE CHEMISTRY OF 
THE COORDINATION 
COMPOUNDS 


Edited by 
John C. Bailar, Jr. 


(Professor and Head of the Division of Inorganic Chemistry, 
University of Illinois) 


With Twenty-two Contributors 

Size: 94” x 6” 834 pages Illustrated 148s. net 
A complete, up-to-date and thoroughly documented 
survey, in which all salient features of the chemistry of 
coordination compounds are discussed by twenty-four 
experts in the field. Special attention has been given to 
recent advances and the book contains over 5000 
references which offer ready access to the entire published 
literature on the subject. 


THE CHEMISTRY OF 
PETROCHEMICALS 


by 
Mervin J. Astle 


(Professor of Chemistry, Case Inst. of Technology, Cleveland) 
Size 9}” x 6” 267 pages Illustrated 52s. net 
The author’s objective in this work is to show the 
importance of petroleum as a chemical intermediate 
rather than as a fuel, and to discuss the chemistry involved 
in the conversion of petroleum hydrocarbons into com- 
mercially useful chemicals. 


THE ENCYCLOPAEDIA 
OF CHEMISTRY 


Edited by 
George L. Clark 


(Research Professor, University of Illinois) 
Size 10” x 7” 1100 pages 156s. net 
A reference book which provides a complete and 
authoritative survey of chemical science. Over 800 articles, 
ranging in length from 300 to about 4000 words, have 
been provided by more than 500 contributors. 
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World of CTSUITETES 


available to the general public. The 
plant is managed by a British company. 


Synthetic Glue Plant 

Plans have been announced for the 
setting-up of the first synthetic resin glue 
plant in the Philippines, the products 
of which will be largely absorbed by the 
growing plywood industry. 


Espanola’s Expansion Plans 

Union Espanola de Explosivos are 
reported to be investing 1,283 million 
pesetas over the next five years as fol- 
lows: installation, 283 million; manu- 
factures under study and in preparation, 
235 million; raw materials, 250 million; 
miscellaneous, including a projected fer- 
tiliser factory at Seville, 515 million. 


Japanese Potash Fertiliser 

The Japanese Ministry of Inter- 
national Trade and Industry has, it is 
reported, invited several firms to con- 
sider participation in a project for the 
domestic production of potash fertiliser. 
(All Japan's requirements are at present 
imported.) According to the report, a 
new method of production had been suc- 
cessfully tested, by which citric soluble 
potash fertiliser could be obtained with 
about 28 potassium content by pro- 
cessing locally available quartz trachyte 
(dolerite). Production of some 50,000 
tons a year would begin in fiscal 1958/9. 


italian Fertiliser Exports 

Chemical fertiliser, valued at 14.1 mil- 
liard lire, was exported during the first 
nine months of 1956. In this market, 
China and India remain Italy’s best 
customers, 


Spanish Ceramics 

A new company, “Sociedad Explo- 
taciones Ceramicas Espanolas”, is to be 
formed in Spain with a capital of 25 
millicn pesetas for the purpose of valo- 
tising suitable earths for their use in 
ceramics by the application of modern 
techniques. This new enterprise, it is 
hoped, will not only satisfy the national 
demand but will permit some exports. 
Plans for the installation of a ceramics 
factory in Madrid are also reported. 
Capital is said to be 12.5 million pesetas, 
of which about 5 million will be spent 
on imported machinery, and annual 
production will be to the value of some 
16 million pesetas. 


New Pharmaceutical Factory 

Merck & Co. of New York have 
announced that they will expand their 
present factory in Campinas, in the State 
or Sao Paulo, Brazil, and build a new 
one to produce vitamins and pharma- 
ceutical products. 


Burma Pharmaceutical Industry 

It has been officially announced that 
pharmaceutical products from the tem- 
porary production unit which is located 
in a half-completed factory about ten 
miles outside Rangoon will become 
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Chilean Price Reduction 

Chilean nitrate of soda has been re- 
duced in price by U.S.$1.75 per ton. 
This is the first price alteration since 
1950. 


Israelian Research Laboratory 

The construction of a laboratory for 
rubber and ceramics research is to start 
shortly in Haifa under the joint sponsor- 
ship of the Government, the United 
States Operations Mission, the Israel 
Institute of Technology and the Rubber 
and Ceramics Research Association. 


Pakistan Fertiliser Factory 

The Pakistan Industrial Development 
Corporation intends setting up a ferti- 
liser factory in East Pakistan to be run 
on Sylhet natural gas. American, Japan- 
ese, Freach and Italian firms are already 
interested. 


Standards for Rubber Compounding 

The National Bureau of Standards has 
added two synthetic rubbers to its list 
of standard materials for rubber com- 
pounding. They are styrene-butadiene 
rubbers, types 1000 and 1500, the first 
rubbers issued as standard samples. A 
total of 15 standard samples for rubber 
compounding are now available from 
the Bureau. 


Rust-removing Compound 

A composition for removing rust and 
scale from iron and steel has been de- 
veloped by Glyco Products, New York, 
which, it is claimed, will work without 
previous removal of paint, grease or 
other deposits. It can also be used for 
cleaning brass, copper, magnesium and 
other metals and for stripping phosphate 
coatings. 


New American Chemical 

The chemical phthalonitrile will shortly 
be made available in commercial quan- 
tities in the United States. It will be 
used mainly in the dye-making industry 
for the manufacture of brilliant perma- 
nent blue and green pigments. It is also 
hoped that the new chemical will prove 
of value for the production of new types 
of industrial chemicals. 


Pharmaceutical Plant at Gosport 

The contract to complete, at Gosport, 
a pharmaceutical plant for the Lederle 
Laboratory Division of Cyanamid of 
Great Britain, at an agreed figure of 
£332,560, has been awarded to C.A.S. 
(Industrial Developments). This will be 
Cyanamid’s first major centre in Europe 
for the production of pharmaceuticals 
and allied veterinary and animal food 
products. Total cost of the building and 
its fittings will be approximately 
£700,000 and completion is fixed for 
September, 1957. 


Pfizer Acquire Patent Rights 

Chas. Pfizer & Co. Inc., Brooklyn, 
New York, have acquired the exclusive 
rights to United States Patent No. 
2,771,396, covering a process for manu- 
facturing /-lysine by fermentation. 


Sudanese Mineral Find 


A report from the Sudan states that 
chrome, copper and heavy deposits of 
asbestos have been discovered near 
Ghala El Nakhl in the Gedaref region. 


New French Peroxide Plant 

Air Liquide and Ugine have formed a 
jointly owned company, Oxysynthese, for 
making hydrogen peroxide. A new pro- 
cess will be used. 


Israelian Bromine 

A new Israelian bromine plant at S’dom, 
which started production late last year and 
has a capacity of 1000 tons a year, is to be 
augmented with two smaller plants. The 
new plants will bring the total annual 
production to more than 2000 tons. 


New Water-soluble Resin 

A new water-soluble synthetic resin, 
Dimethyl Hydantoin Formaldehyde 
(DMHF), is now available in tonnage 
quantities in America. It is water-white, 
practically odourless, with a_ melting 
range of 59-80°C. The resin, it is 
reported, dissolves rapidly in water, in 
all proportions, to give solutions of low 
viscosity. A 10° water solution is almost 
neutral. It is soluble in methanol, 
ethanol, ethyl acetate, methylethy! 
ketone, chloroform, methylene chloride 
and hot glycerol. It is insoluble in ben- 
zene, petroleum ether, diethyl ether, tri- 
chloroethylene and carbon tetrachloride. 
DMHF may be used for temporary 
metal coatings (to be washed off later); 
lining drums or rubber hose carrying 
oils, petrol, toluol, trichloroethylene, 
etc.; water-paints; and binders for foun- 
dry moulding sand, pigments, abrasives, 
metal powders, adhesives, inks, insecti- 
cide sprays and textile printing. 


Jordan Phosphate Exports 

Permission to export a record 450,000 
tons of phosphate to Europe and the Far 
East in 1957 has been granted to the 
Jordan Phosphate Co. by the Jordan 
Ministry of Economy. 


German Automation 

The Chemische Werke Hiils A.G., of 
Mart-Hiils, recently floated an industrial 
loan of DM 40 million to finance further 
measures of automation in their chemi- 
cal works. Three automatic plants are 
already in operation: a sulphuric acid 
recovery plant; a plant for the produc- 
tion of acetyleneoxide; and a unit manu- 
facturing acrylnitril. These three plants 
are controlled centrally and require only 
a few directing staff. The company have 
also decided to set up an experimental 
plant for the production of “Vestolen”- 
a low-pressure polyethylene, using the 
Ziegler process—developed in conjunction 
with the coal-mining company Hibernia 
A.G. The plant will produce 50 tons of 
“Vestolen” a month. 
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SWARTWOUT 


Autronic Systems 
PROVIDE THE ANSWER 














| A graphic 
& panel of the 
Republic Refining 
Co. incorporating 
Swartwout Autronic instrumentation 


Swartwout Autronic Control Systems, now manufactured and marketed in the British 
Commonwealth (except Canada) and Europe by Elliott Brothers (London) Limited, embody 
a new and revolutionary approach to process and power instrumentation. Miniaturised 
all-electronic indicating, recording and controlling units completely eliminate transmission 
lags in fluid circuits by employing electronic means for the transmission of measurements of 
temperature, pressure, flow, liquid level, etc. to the control centre, and the transmission of 
control impulses back to the processing unit. 





“Udeoniie CONTROL SYSTEM / 





& | Bioeng Full details from the SWARTWOUT DIVISION of 





March, 1957 


ELLIOTT BROTHERS (LONDON) LIMITED, CENTURY WORKS, LONDON S.E.13 Telephones: TiDeway 1271 & 3232 
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Plastic Shaft Seal 

A new Fluoseal mechanical shaft seal 
for corrosive conditions is being made 
by Crane Packaging. The main member 
of the seal is a bellows of pure Fluon 
to which running glass- 
reinforced Fluon have been welded. Con- 
tact between seal-faces and seat is main- 
tained by spring loading. a Fluon-sleeved 
spring being used. The normal pressure 
range is from 20 ip. vacuum to 50 psi, 


faces of 





normal 


and the temperature range is 
from —40°C to +80°C. At present the 
seal is supplied for }-in. to 2-in. diameter 
shafts, and there are two versions ol 
the seal for, respectively, external and 
internal mounting. The Mechanical Seals 
Division, Crane Packing Ltd., Slough, 
Buckinghamshire. 

BCE 950 for further information 


New Series of Greases 


Rocol are introducing into Great 
Britain the Molytone series of greases, 
Molytone Grease, Molytone LM, X, and 
C. The series has special uses as rubber 
and valve lubricants, and is based on 
Bentone greases containing molybdenum 
disulphide. Bentone greases themselves 
contain a modified bentonite clay as the 
thickening agent, and this constituent. 
it is claimed, improves the products 
heat stability, resistance to working. ad- 
hesion to metals and water repellance. 
As they have no melting point, they can 
be used in temperatures up to the point 
of inflammability of the basic oil. Rocol 
Ltd., Rocol House, Swillington, near 
Leeds. 

BCE 951 for further information 


Metal Sorter and Resistivity Measurer 

A portable metal sorter and resistivity 
meter. or test set, recently developed by 
Solartron consists of an _ investigating 
head on a lead, which is plugged into a 
small instrument case. It is operated by 
dry batteries. The test heads are inter- 
changeable and are designed to ensure 
that changes of ambient temperature 
do not cause drift. The head is placed on 
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the metal surface, which need not be 
flat, and identification is based upon the 
specific resistivity of the particular metal. 
Provided the specific resistivity of the 
metal or alloy is between 1.0 to 28.0 
micro-ohms per centimetre cube, it may 
be measured or, inversely, the metal or 
metals distinguished or sorted. The 
Solartron Electronic Group Ltd., Thames 
Ditton, Surrey. 

BCE 952 for further information 


Remote-control Indicators 
A dc. multiplexing equipment has 
been developed by General Electric for 
the continuous indication, at a central 
control point, of the operating state of 
apparatus situated in remote locations 
The information from up to twelve items 
of equipment can be relayed to the con- 
trol along only a singie pair of wires, 
and this leads to a saving in the cost of 
cable laying. The equipment will operate 
over a wide range of temperatures and 
humidity and can be used to relay sig- 
nals along wires of up to five miles in 
length. The General Electric Co. Ltd., 

Magnet House, Kingsway, W.C.2. 
BCE 953 for further information 


Reciprocating Mixer 

A pharmaceutical bulk blending 
device, the Flexiblender, has been put on 
the market by Eukrater. It uses the 
principle of reciprocal displacement 
within a fluid bulk, to produce the neces- 
sary degree of turbulence for uniform 
mixing. Its paddles fold together for in- 
sertion through a narrow neck, and al- 
though the current model is designed for 
smal] quantities (about 4 gal.) the makers 


plan to produce larger models for use 
manually and by power operation. The 
standard pharmaceutical model is in 
anodised aluminium. Eukrater (Sales) 
Ltd.. 12 Denmark Street, Birmingham, 
19. 

BCE 954 for further information 


Humidifying Unit 
Walker & Co. are making available in 
Great Britain a new humidifying unit of 








continental design known as the Aerosol! 
Turbo. The machine is_ constructed 
throughout of non-corrosive aluminium 
and stainless steel apd makes use of 
centrifugal action for the atomisation of 
the water. The aerosols so generated are 
dispersed with a centrifugal fan, which 
is an integral part of the unit. The air 
is discharged radially and gives an even 
distribution of the aerosols over a wide 
area. At the same time, it prevents air- 
borne dust from interfering with the 
working of the machine. The machine 
is made in two sizes, the small model 
being suitable for approximately 21,000 
cu. ft and the larger machine for 88,000 
cu. ft. P. M. Walker & Co (Halifax) 
Ltd., Alexandra Works, Hopwood Lane. 
Halifax. 

BCE 955 for further information 


Fans for Corrosive Fumes 
Series 1 rigid PVC fans for the re- 
moval of corrosive fumes are now avail- 
able from Keith Blackman. They are 
made with 6-in. and 12-in. impellers, and 
the smaller size is available from stock. 
The fans are driven directly by a KB 
totally-enclosed motor, wound for 400 
440 V, 50 c/s, three-phase supply. The 
fans have a fume-handling capacity of 
50 to 180 cfm at pressures up to 1.25 in. 
swg. Keith Blackman Ltd., Mill Mead 
Road, London, N.17. 
BCE 956 for further information 


Universal Bridge 
The new B.221 Wayne Kerr universal 
bridge is a transformer ratio-arm bridge 
that provides facilities for the two-, 
three- or four-terminal measurement of 
impedance or transfer admittance over 
a wide range at an operating frequency 
of 10,000 radians/sec. (1592 c/s). The 
basic range of the instrument covers 
impedances from 10,000 megohms to 10 
ohms and this is extended to 50 micro- 
ohms by the use of the low impedance 
adaptor. The Wayne Kerr Laboratories 
Ltd.. Roebuck Road, Chessington, 
Surrey. 
BCE 957 for further information 


Carbon Heat Exchangers 
Robert Jenkins are manufacturing the 
Polybloc carbon heat exchanger under 
licence from the Carbon-Lorraine, Paris. 
The exchangers consist of a pile of im- 
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Condemned to combat the effects of water vapour every time 

the dew falls, the spider has had to adapt his way of life to the 
prevailing conditions. There is no need, however, for industrial 
production to suffer from the effects of atmospheric water vapour. 
For all kinds of manufacturing plant, Birlec air conditioning 
equipment can be supplied to maintain specified low humidities between 
50°, R.H. to 1% R.H. Whether you manufacture chocolates or 
anti-biotics, food powders or fertilisers, Birlec direct dehumidifiers ’ , 
can circulate or supply dry air to conditioned spaces of almost any : os fab i ‘e 


: Excess water vapour is eliminated from the working atmosphere in this 
dimensions, ranging in volume from 500,000 cu. ft. down to | cu. ft. 40,000 cu. ft. room where powdered drugs are tableted and packed. 





Dryer Division of 


BIRLEG LIMITED 


Member of the A.E.!. 


FOR AIR CONDITIONING 





Group of Companies 
ERDINGTON - BIRMINGHAM 24 


LONDON «: SHEFFIELD GLASGOW 


NEWCASTLE-ON-TYNE 
March, 1957 
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permeable cylindrical graphite blocks 
having two groups of flow passages for 
different heat-exchange fluids. One group 
is parallel to the axis and the second 
group is arranged radially. Elastic gaskets 
between the blocks prevent contact be- 
tween the separate fluids, and the com- 





plete pile is held in compression by top 
and bottom headers and exterior tie bars. 
[he outer shell is formed of sectional 
metal cylinders flanged and bolted to- 
gether. The exchanger has been designed 
to provide continuous turbulence for 
maximum heat transfer. The axial and 
radial passages in the blocks are in close 
proximity, and there are no cement 
joints. Robert Jenkins & Co., Rotherham, 
Yorkshire. 

BCE 958 for further information 


Compressor Units 
A new range of Hydrovane compressor 
units is being offered by Hymatic Engin- 
eering for use with machine tools and 
special-purpose machinery requiring a 
built-in supply of compressed air. The 
new models are compact and include 
the compressor with direct drive from a 
three-phase electric motor. They have 
built-in pressure gauges, safety valves 
and automatic pressure controls. They 
are available in three standard models 
displacing respectively 9 cfm, 18 cfm and 
40 cfm, with working pressures up to 
100 psi. The Hymatic Engineering Co. 

Ltd., Redditch, Worcestershire. 
BCE 959 for further information 


Bursting Discs 

After completing a substantial pro- 
gramme on bursting discs, Distillers are 
now in a position to produce in quantity 
discs having accurately-controlled burst- 
ing pressures. Amongst the precautions 
taken in their manufacture, testing and 
packing is the coding of each disc in 
accordance with a D.C.L. patent, to en- 
sure that only the correct disc for a 
particular holder can be used. Examples 
from the wide range of discs already 
produced include a disc to burst at 
25,000 psi at room temperature, the 
contact fluid being hydrogen, and an- 
other to burst at 71 psig at 430°C, the 
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bursting pressure at room temperature 
being 100 psig. Two standard designs of 
holder can be supplied. One, suitable for 
discs up to l-in. diameter, can be 
screwed directly into the pipeline. For 
sizes above this, a capsule type of 
holder which fits within the bolt circle 
of appropriate flanges is normally used. 
Special holders can be designed to suit 
particular requirements. To ensure that 
the correct disc is supplied, it is impor- 
tant that D.C.L. have full details about 
the application when they are asked to 
quote, and the company will supply on 
request information about the data 
necessary. The Distillers Co. Ltd., Great 
Burgh, Epsom, Surrey. 

BCE 960 for further information 


Low-temperature Welding 


Eutectic low - temperature - welding 


alloys are now being produced at a new 
factory recently opened by the manufac- 
turers in Feltham. They are proprietary, 
low-melting, 


non-fusion welding filler 





metals elaborated as the result of 
research begun in Switzerland in 1906 
by J. P. Hughes Wasserman. The alloys 
are supplied either as welding rods to- 
gether with fluxes. or electrodes with 
frigid arc coating. Eutectic Welding 
Alloys Co. Ltd., North Feltham Trading 
Estate, Faggs Road, North Feltham, 
Middlesex. 

BCE 961 for further information 


Paint for Bottling Machinery 

A special range of Epiglo paints for 
bottling machinery has been introduced 
on a wide scale by Corrosion Ltd. Ex- 
perimental and practical experience, it 
is claimed, shows that the paint has a 
life of at least three years on plant sub- 
jected to attack by hot caustic solutions 
and other detergents. Epiglo is intended 
for use on bottle washers, pasteurisers, 
fillers, crowners, case handlers, con- 
veyors, etc. It resists heat and liquids 
such as beer, cider, sugar, syruvs, citric 
acid and milk. Corrosion Lid., 16 

Gloucester Place, London, W.1. 
BCE 962 for further information 


Heavy Polythene Sheet 
The Iridon Division of Commercial 
Plastics has added a heavy-gauge poly- 
thene sheet to its range of products. 
Available under the name _ Iridon-1000, 
the sheet has been specially developed 
for vacuum forming. It has numerous 





other uses; for example, in protecting 


chemical plants and vessels against 
corrosion, and in the manufacture of 
containers for liquids and chemicals 


which are light, durable and easy to 
produce. Iridon-1000 is being produced in 
gauges ranging from 0.010 in. and 0.125 
in. thick. It has a tensile strength of 
1850 Ib/sq. in. when tested at 20°C at 
a rate of 4 in./min, a low-temperature 
brittle point of —40°C and a softening 
point of 87°C. Water absorption was 
only 0.15°, by weight after a year’s 
immersion at room temperature. Iridon 
Division of Commercial Plastics Ltd., 
1 Avery Row, Grosvenor Street, 
London, W.1. 

BCE 963 for further information 


Capillary Lubrication Fittings 

Tecalemit have new capillary lubricat- 
ing fittings in production, designed so 
that when used with their pumps the 
appropriate bearings will be given the 
correct amount of oil where small quan- 
tities are required at regular intervals, 
and will not be over-lubricated. The 
fittings have been tested at pressures up 
to 1000 psi and are fitted with ultra- 
low pressure check valves to prevent 
line drainage. Tecalemit Ltd., Plymouth, 

Devon. 
BCE 964 for further information 


Oil Meter 
The new CM low-flow oil meter made 
available by George Kent Ltd. is of the 
semi-positive. rotary-piston type and has 
been designed for use with flows up to 
200 gal./hr. It is for installation in pipe- 
lines of between }-in. and }-in. bore. 


An accuracy of 2° from 1.5 gal./hr to 
200 gal./hr is claimed for the instrument, 
which is compact and of simple con- 
instrument 


struction. The is fitted with 





a straight-reading counter and can oper- 
ate, the makers say, at high working 
pressures and low head loss. George 
Kent Ltd., Luton, Bedfordshire. 

BCE 965 for further information 


Chemical Pumps 


Sigmund have developed the B-N 
series of stainless-steel chemical pumps 
for use in the chemical and process 
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BCE 900 for further information 
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a 
One of the many Sharples manufacturing plants throughout the world. A pilot plant for liquid-liquid separation in one of the Sharples 
laboratories. Every user of chemical plant can benefit from 
Sharples research facilities. 












lot behind 
Sharples... 






Assembly of Sharples Super-D-Hydrator—the controlled cycle 
machine for de-watering of crystals. 





@ Big research and development facilities 


@ World-wide manufacturing and technical advisory service 


ONTACT SHARPLES and you’re in touch with a world-wide 
_hrstarices which concentrates on problems of physical 
separation. You benefit from huge research resources 
including full-scale development plants, international manu- : — 

= : : ; ¢ Heavy machine shop for manufacture of Sharples equipment. 
facturing facilities and a technical advisory service based on There are shops like this all over the world. 
a vast accumulation of experience in the application of 
separation equipment. If there’s an answer to your problem, 
Sharples will find it. And wherever the plant is to be installed, 
you know it will be backed by first-rate spares and main- 





tenance service. 


Canada, Sweden, Norway, Spain, Italy, France, Australia, Finland, 
S. America, Japan, Germany, Mexico, New Zealand, S. Africa, 
Belgium, Portugal, the Middle East, etc. 

Write for Bulletin No. 2956 M “*A guide to the selection of continuous 
centrifuges in the Chemical Industry,” or ring Camberley 2601 and 
talk to Martin Trowbridge about your problem. 


Sharples Vegetable Oil Research Plant which has a capacity 


Sharples Centrifuges, Tower Works, Doman of 60,000 Ib. of oil per day. Just one of the full-size development 
Road Camberley, Surrey Camberley 2601 plants that yield invaluable experience. 
J - : = 


~ Sharples are established in the United Kingdom, America, Holland, 
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industries. They are available for out- 
puts of from 5 to 200 gpm against heads 
of from 10 to 250 ft and they are con- 
structed so that, with only two support 
frame assemblies (comprising bearings. 
housing. shaft, shaft seal and stuffing 
box), a total of six different hydraulic 
units can be used. The impellers are 
designed so that a turned-down impeller 
provides, with the same casing, three or 
four fields of duties and horsepower 
requirements. The components have 
been standardised so far as possible for 
easy maintenance of the pumps. B-N 
pumps can be supplied with any of the 
following forms of sealing: single or 
double mechanical soft packing; 
soft packing with a liquid sealing from 
external source. Sigmund Pumps Ltd.. 
Team Valley, Gateshead, 11. 

BCE 966 for further information 


seal; 


Liquid Level Controller 


Fielden have introduced a new level con- 
troller for conducting aqueous solutions. 
The instrument, the Aquatrol, costs less 
than the company’s Tektor and, it is 
claimed, provides a simple, safe and 
sensitive alarm indication and, if neces- 
sary, an on/off control for electrically- 
conducting liquids. The instrument “fails 
to safety”. With the use of the instru- 





alibi 


ment, an indication of cessation of flow 
may be given at any distance. Fielden 
Electronics Ltd., Wythenshawe, Man- 
chester. 

BCE 967 for further information 
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Other Items of Interest 


A new onull-balance potentiometer, 
type H, described as a less costly edition 
of the Speedomax G, is now being pro- 
duced by Leeds & Northrup after three 
years of development. At present it is 
available only for temperature measure- 
ment, but it is made in models for in- 
dicating, recording and controlling and 
proportioning control, Integra, Leeds & 
Northrup Ltd., 183 Broad Street, Bir- 
mingham, 15. 

BCE 968 for further information 


Alfred Bullows are producing an 
automatic spray-booth fan control unit, 
Type VI0O01/2, which automatically 
switches off the fan when the spray gun 
is not in use and switches it on again 
when spraying re-starts Alfred Bullows 
& Sons Ltd., Long Street, Walsall, Staffs. 

BCE 969 for further information 


Venesta have marketed in Great 
Britain a new design of collapsible tube 
for the packaging of volatile products 
such as quick-drying adhesives and 





cements. It has a recessed nozzle fitted 
with a screw-pin. At the bottom of the 
unpierced nozzle is a metal seal, 0.020 
in. thick, against which rests the point of 
a 13 s.w.g. No. 4 wood-screw pin. To 
open the tube the pin is merely given 
two or three turps to the right, when it 
taps its own thread. Venesta Lid., 
Vintry House, Queen Street Place, 
London, E.C.4. 

BCE 970 for further information 


British Oxygen Gases have introduced 
a new composite rectifier, the ACR.150, 
for their Argonarc welding process. 
Designed initially for the requirements 
of the aircraft industry, this set can be 
used for welding light-gauge materials, 
with the exception of aluminium and 
magnesium base alloys, up to approxi- 
mately { in. thick. British Oxygen Gases 
Ltd., Spencer House, St. James’s Place, 
London, S.W.1. 
BCE 971 for further information 


Tylex, a coating for walls, which is 
applied like a paint, and produces, it is 
claimed, a tile-like finish is being made 
available generally by Tretol. It is being 
made in a range of 20 colours, based 
upon British Standards. Tretol Ltd., The 
Hyde, London, N.W.9. 

BCE 972 for further information 


SEEN AT THE PACKAGING EXHIBITION 


Bonding Cellulose 


Difficulties in bonding cellulose to 
polythene have been overcome by Tele- 
graph Construction to produce Telco- 
phane film which, it is claimed, makes 
an excellent barrier to gases, water, and 
water vapour. The polythene surface, 
which is the more likely to be in con- 
tact with the contents of the pack. is 
unaffected by most inorganic chemicals, 
either in solid form or in solution, except 
concentrated nitric acid. Telcophane is 
Stated to be impermeable to bacteria and 
viruses. The Telegraph Construction & 
Maintenance Co. Ltd., Mercury House, 
Theobald’s Road, London, W.C.1. 

BCE 973 for further information 


Automatic Barrel Filler 

A new electrically-controlled machine 
for filling drums by weight with liquids 
that froth has been made by Roberts 
in conjunction with Avery. The nozzle 
is submerged into the barrel during the 
filling process to prevent froth forma- 
tion, and the pre-set weight of liquid is 
delivered at each filling cycle. The fill- 
ing heads can be arranged to deal with 
barrels individually, or they can be in- 
cluded in filling lines to provide com- 
pletely automatic filling. The parts of the 
machine which come into contact with 
liquid to be filled may be made of stain- 
less steel or of other materials of con- 
struction for preventing corrosion. An 
automatic taring and  drum-filling 
machine capable of filling drums from 
5 to 12 gal. capacity, which Roberts 
recently made available, has been modi- 
fied by a new valve arrangement. The 
machine is controlled by a push-button 
switch, and it is approved for accuracy 
by the Board of Trade, Roberts Patent 


Filling Machine Co. Ltd., 27-35 Deane 
Road, Bolton. 
BCE 974 for further information 


Waterproof Metal Detector 
A new waterproof industrial metal 
detector is being made by Cintel. All 
component parts are mounted in a 
strengthened casting, which is usually 
installed on a wall adjacent to the search 
heads, of which there may be up to six. 
These resemble windows through which 
the products to be inspected pass on a 
belt or by gravity feed. The detector 
has been designed to be unaffected by 
vibration, temperature, humidity, mains 
voltage changes and nearby moving 
metallic masses. Cinema-Television Ltd., 
Worsley Bridge Road, Lower Sydenham, 
London, S.E.26. 
BCE 975 for further information 


Control of Weight 

Two electronic check-weighers have 
been developed by Solartron. One, the 
Solarcheck No. 631, is a transportable 
machine. It weighs instantaneously, rigid 
or packaged goods at the rate of up to 
60 a minute, and to an accuracy of 
better than 0.2 per cent. It may be used 
by unskilled operators. Model No. 630 
has been designed for incorporation into 
existing production lines, and it will 
weigh up to 120 items a minute with the 
same accuracy as that of model No. 631. 
The model is adaptable to the needs of 
either a hand-controlled line or an auto- 
matic factory system. The above 
weighers can be used with an analogue- 
to-digital converter unit, the exact 
weight of any package from less than 
one-tenth of an ounce upwards being 
shown on a counter scale. In addition, 
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BCE 901 for further information 













LARK 


ESTABLISHED i833. 


tube cleaning 
equipment 


‘LARK’ Air-operated tube cleaning equipments 
have been specially designed to suit the conditions 
usually encountered in Chemical processing. These units 
can be supplied for dealing with tubes 4” to 16” internal 
bore. Electrically driven equipments are also available. 
Illustrated is the GD 250 Model and motors for small 
bore tubes, which has proved most successuful in dealing 
with heavy deposits in small bore Condenser and Heat 
Exchanger tubes. 

Catalogues, Ref. ‘BCE’, illustrating and describing the whole 
range of ‘LARK’ tube-cleaning products are available on request. 


INDUSTRIAL DESCALING TOOLS LTD 
Sole distributors for the manufacturers H.WILLIAMS & SON LTD Ip} 
LARK WORKS, SANDRIDGE ROAD, ST. ALBANS, HERTS. om, < 





SMALL DQ. 
PRODUCTION 


For small batch production, the BI5 
Mono Pump can be adequately related to the 
capacities required. At 1450 r.p.m., it will 
discharge at the rate of 50 G.P.H. at 40 lbs. 
per square inch. At 2850 r.p.m. the rate of 
discharge is 115 G.P.H. at 30 lbs. p.s.i. 

Metal parts in contact with the liquid are 
Stainless Steel, it is compact, light in weight 
and it is economical in the use of power. 
In addition to these advantages, it is self- 
priming, possesses a powerful suction with 
a 25 feet lift and will handle both free 


flowing and viscous fluids. 


MONO PUMPS LIMITED 
MONO HOUSE, 1 SEKFORDE ST., LONDON, E.C.1 
Telephone: Clerkenwell 8911 
Telegrams: MONOPUMPS, PHONE LONDON 
and at Birmingham, Dublin, Glasgow, Manchester, Newcastle, Wakefield 





MP240 
BCE 902 for further information 
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the computer can be made to control a 
card-puncher, adding machine, electric 
typewriter or electric invoicer. The 
Solartron Electronic Group Ltd., Thames 
Ditton, Surrey. 

BCE 976 for further information 


Tablet Machine 


For the Manesty Fitzmill comminutor. 
model D, the range of screens has been 
extended. The following will be avail- 
able: perforated stainless-steel screens 
(round holes): ¢-. ~~ Bt a> i 4% 
and I-in. The screens will fit both U.S 
and U.K. models. Deliveries of the 
machines are expected to start in April 
The latest addition to the range of 
Manesty rotary tablet machines is model 
DXZ. Its features include total enclosure 
of the mechanism and hydraulic opera- 
tion of overload device with the use of 
an upper pressure roll and pressure-indi- 
cating dial. The machine has a hopper 
with cut-off slide, dust-extraction nozzle 
and provision for a lower punch anti- 
turning device. Manesty Machines Ltd., 
Speke, Liverpool. 

BCE 977 for further information 


High-speed Sieving 

A new high-speed suspension straining 
and sieving machine incorporating gyra- 
tory principles and designed for a large 
throughput in relation to its size, and for 
low loss of head is being made by 
Russell Constructions. The machine 
weighs only 3 cwt. and for use is sus- 
pended by a hook from a girder. Its 
mechanism has been carefully balanced 
to virtually eliminate vibration at the 
point of suspension, although the 
machine itself is a vibrating unit. It is 
powered by a }-hp electric motor which, 
at 400/440 volts, three phase, 50 cycles, 
consumes only 1.2 amps, The optimum 
speed is 2,750-2,850 rpm. Russell Con- 
structions Ltd., Russell House, Adam 

Street, London, W.C.2. 
BCE 978 for further information 
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Other Items of Interest 
A metal keg fitted with a conical top 
that is held in position with a readily- 
removable ring closure is being made 
by Brough. The conical top enables the 
contents to be poured out if desired, but, 
with the top removed, the container may 
be used like a conventional keg. E. A. 
Brough & Co, Ltd., 4 Upper Parliament 
Street, Liverpol, 8. 
BCE 979 for further information 


Payter have brought out an aluminium 
alloy drum that has the chime ring 
attached to the body sheet externally, so 
that the interior of the drum has an un- 
interrupted smooth surface. The chime 
ring is of mild steel, bituminous painted. 
E. C. Payter & Co. Ltd., Great Bridge, 
Tipton, Staffordshire. 

BCE 980 for further information 


A conical polythene liner for bottle 
caps of potentially wide application in 
the chemical industry and manufactured 
by the Poly-seal Corporation of the 
United States is now available in Great 
Britain from John Dale. The conical 
liner is held in place with a peg project- 
ing from the centre of the screw cap. 
John Dale Ltd., New Southgate, London, 
N.11. BCE 981 for further information 


Metal-cased polythene bottles which 
have been designed to combine the light- 
ness of polythene with the strength of 
metal outer “armour” are now being 
produced by Cascelloid. They are made 
in capacities of 1 and 5 gal., and the 
inner containers of all sizes are easily 
removable from their metal cases. Being 
of plastic material, the interiors do not 
break if mishandled, and they are resis- 
tant to a wide range of liquids. The con- 
tainers conform to regulations of the 
Post Office and transport undertakings. 
Cascelloid, Abbey Lane, Leicester. 

BCE 982 for further information 


R.V.14 tube-filling 
machine provides automatic feed of 
tubes and, with a photo-electric cell. 
automatic registration. Speeds of 60 and 
more tubes a minute can be reached with 
unskilled operators. Flexile Metal Co. 
Ltd., 796 Holloway Road, London, N.19. 

BCE 983 for further information 


Jute processed to give it acid resisting 
properties is being made available for 
fertiliser bags by Jute Industries Ltd., 
Meadow Place Building, Dundee. 

BCE 984 for further information 


Technical Waxes, who offer bulk 
delivery of waxes, have developed and 
applied for patents on insulated tank 
containers for molten waxes which can 
be handled full by fork-lift trucks or 
hand-operated lifting trucks. The con- 
tainers have a gross weight of between 
23 and 25 cwt. and a net capacity of 
between 15 and 17 cwt. of molten wax. 
They are insulated against heat loss 
heating elements. Technical Waxes Ltd., 
Cleveland Buildings, 94 Market Street, 
Manchester, 1. 

BCE 985 for further information 


The Kalix-Dupuy 








Developments in paper and fibreboard 
packages by Bowater include a newly 
designed base to the Company's Supa- 
kask which gives increased protection 
against moisture. Also, the rim of the 
base, the rim of the cylinder wall and 
the locking ring are galvanised. The 
Bowater Paper Corporation  Ltd., 
Bowater House, Stratton Street, London, 
W.1. 

BCE 986 for further information 


Among new ranges of packaging 
offered by British Celanese is “blister 
packaging” in cellulose acetate materials. 
British Celanese Ltd.. 22 Hanover 
Square, London, W.1. 

BCE 987 for further information 


Craytherm, a new unplasticised grade 


of PVC, is now being made under 
licence from Germany by Greenwich 
Plastics. The material has a _ tensile 


strength of 16,000 Ib per sq. in. and 
is resistant to grease and gas. It is avail- 
able in solid, liquid or powder form and 
it can also be laminated to paper and 
metal products. Greenwich Plastics Ltd., 
St. Mary Cray, Kent. 

BCE 988 for further information 


A tinplate container has been pro- 
duced by Metal Box specially for hold- 
ing liquid detergents. Corrosion is 
prevented by lacquering the metal twice. 
To avoid possible corrosion at the raw 
edge of the shoulder piercing, the edge 
is bedded in a polythene neck which is 
designed for smooth pouring. The con- 
tainer, which holds 12 fl. 0z., has been 
devised for light-duty detergents. For 
heavy-duty detergents chemically-treated 
steel will be used. The Metal Box Co. 
Ltd.. The Langham, Portland Place, 
London, W.1. 

BCE 989 for further information 


Drums of thick polythene moulded in 
one piece and having capacities of from 
5 to 45 gal. are available from Metal 
Containers. Because of the flexibility of 
the drums, they are normally used with 
standard steel drum-overpacks. At 
present the containers are being imported 
from the U.S.A. (where they are made by 
the Delaware Barrel & Drum Co.), but 
shortly they will be manufactured in 
Britain. Metal Containers Ltd. 17 
Waterloo Place, Pall Mall, London, 
S.W.1. BCE 990 for further information 
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For many years we 
have been the lead- 
ing specialists in 
the design and 
construction ot 
automatic and semi- 
automatic schemes 
for the neutralising 
of corrosive effluents 
and trade wastes 
from all types of 
Industry. 
* 
Write for our brochure 


on Neutralising 


” NEUTRALISED by the PRODORITE SYSTEM 


HEAD OFFICE + EAGLE WORKS - WEDNESBURY - STAFFS. 
PRODORITS TELEPHONE + WED 0284 (5 LINES) 


— LONDON OFFICE + ARTILLERY HOUSE - ARTILLERY ROW - LONDON : S.W.1 
TELEPHONE + ABBEY 3816 (5 LINES) 
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ELECTRIC IMMERSION HEATERS 


These demountable units provide the most efficient and 
economical method of heating acid liquids and are 
widely used in all acid electroplating solutions, pickling 
tanks and chemical reaction processes except where 
hydrofluoric or phosphoric acids are employed. These 
are absolutely safe in operation, as Vitreosil is one of 
the best electrical insulators and all heating units are 
fitted with an internal earth wire. The two piece 
moulded rubber cap has simplified maintenance. 
New sheaths or heating units can easily be fitted. 
ie , ; ; We also manufacture an extensive range 
A leaflet giving details of sizes, prices and 
maintenance is available on request 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Telephone: Wallsend 6-3242 
LONDON: 12-14, OLD PYE STREET, WESTMINSTER, S.W.1 Telephone: ABBey 5469 


of Vitreosil Laboratory Ware. 














BCE 904 for further information 
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The Month’s News in Brief 


The Standing Technical Committee on 
Synthetic Detergents, the intended for- 
mation of which the Minister of Hous- 
ing and Local Government announced 
in the House of Commons on Decem- 
ber 18, 1956, has now been appointed, 
in consultation with the Secretary of 
State for Scotland, with the following 
membership: Chairman: Mr. H. W. 
Cremer, a partner in the firm of Cremer 


and Brearley, consulting chemical en- 
gineers. Members: Dr. N. R. Beattie: 
Dr. E. A. B. Birse, chief inspector of 
Alkali Works and Rivers Pollution in 
Scotland; Dr. A. H. Cook; Mr. H. R. 
Galleymore, head of research and 
development, Thomas Hedley & Co. 


Ltd.; Mr. W. E. Hamer, general research 
manager, Monsanto Chemicals Ltd.; Dr. 


G. C. Hampson, research manager, Uni- 
lever Ltd.; Dr. S. H. Jenkins: Dr. A. 
Key: Dr. J. Longwell; Mr. F. T. K. 


Pentelow; Dr. B. A. Southgate; Mr. 
R. C. Tarring, manager of detergents 
department of Shell Chemicals Ltd.; and 
Dr. E. Windle Taylor. Mr. D. H. A. 
Price has been appointed secretary. 

The Committee has the following 
terms of reference: “To keep under 
review the difficulties, or risks of diffi- 
culty, arising in sewage works, rivers and 
water supply as a result of the use of 
synthetic detergents; to encourage, and 
assist the co-ordination of, appropriate 
research by manufacturers of detergents 
and intermediate materials, and by suit- 
able public bodies, into methods by 
which those difficulties, or risks of diffi- 
culty, could without an undue burden 
on public funds be avoided or overcome; 
and to report progress at least once a 
year.” 

In connection with their £4! million 
plant for the production of nitrogenous 
fertiliser at Stanford le Hope, Fisons 
Ltd. announce the award of a contract 
to the Chemical & Industrial Inter- 
national Ltd.. of Nassau, Bahamas, for 
the construction of a 250-ton-a-day nitric 
acid plant to be built on this site. The 
plant was designed by the Chemical & 
Industrial Corporation, of Cincinnati, 
Ohio. The plant is a single-unit, high- 
pressure nitric acid plant and is a 
departure from the usual European prac- 
tice, where for many years the atmo- 
spheric, or medium-pressure type has 
been used. 

L.C.1. has negotiated the purchase of 
the bulk of Sir Richard Brooke’s Norton 
estate, between Runcorn and Stockton 
Heath, Cheshire. The company does not 
intend immediately to develop the land, 
which amounts to more than 1000 acres, 
but has in mind a long-term scheme of 
industrial development. 

A new company, Brune: Shell Petro- 
leum Co. Ltd., has been incorporated in 
the State of Brunei, Borneo, under the 
new Brunei Companies enactment, which 
came into effect on January 1, 1957. A 
private company, it is a member of the 
Royal Dutch/Shell Group of Companies. 
Subject to the necessary consents being 
obtained, this company will take over 
business at present carried on by the 
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British Malayan Petroleum Co. Ltd. 
The A.E.1.-John Thompson Nuclear 
Energy Co. Ltd. and The Morgan 
Crucible Co. Ltd. are forming a joint 
company, Nuclear Graphite Ltd. This 
company will specialise in the machining 
of graphite blocks for the construction 
of the massive graphite-moderator piles 
in atomic reactors—similar reactors to 
those in use at Calder Hall. The Morgan 
Crucible Co. Ltd. is engaged in the 
development and manufacture of many 
special materials and components for 
use in the atomic field; other members 
of the Group are supplying a variety of 
products. For example, Morganite Resis- 
tors Ltd. (a subsidiary company) is pro- 
viding components for electronic and 
control equipment, while another sub- 
sidiary, Morgan Refractories Ltd., is 
engaged in making and developing a 
range of special refractory materials. 
The sum of £20,000 has just been 
given by the Shell Petroleum Co. to 
assist in the establishment of a Labora- 
tory in Sedimentology in the Depart- 
ment of Geology in the University of 
Reading, England. One of the major 
aims of the present grant, apart from the 
encouragement of post-graduate research, 
is the creation of a national laboratory 
as a focus for the resources and work at 


present dispersed over several institu- 
tions. 
Borax Consolidated Ltd., operating 


subsidiary of Borax (Holdings) Ltd., has 
recently acquired research laboratories 
at Tolworth, in Surrey, to provide facili- 
ties for a staff of 50 chemists or more. 
The new laboratories, together with 
those at Belvedere, Kent, provide room 
for a greatly expanded programme of 
research in boron chemistry and other 
fields. 

Vacu-Blast Ltd. have established a 
company in France. The company is 
known as Société Vacu-Blast (France) 
and its address is 46 rue Anatole France, 
Levallois-Perret (Seine), France. 

The Consolidated Pneumatic Tool Co, 
Ltd. has formed a new company to be 
known as The Consolidated Pneumatic 
Tool Co. of Central Africa (Pvt.) Ltd., 
with head offices at 142c Abercorn 
Street, P.O. Box 278, Bulawayo, S. 
Rhodesia. Managing director of the new 
company is Mr. R. G. Wells, who has 
been associated with Consolidated Pneu- 
matic in Central Africa for over 20 
years. 

At a recent meeting of the board of 
The British Nuclear Energy Conference, 
it was decided to admit to membership 
the Iron and Steel Institute and the 
Institute of Metals. 

Weinreb & Randall Ltd, moved to 
Watchtower Works, Greenside Road, 
Cryodon (telephone THOrnton Heath 
8696), on February 1. 

The method of protecting metal 
surfaces against high temperatures, which 
is being made available by Norton Grind- 
ing Wheel Co. Ltd., Welwyn Garden 
City, Herts, is known as the Rokide pro- 
cess and not as stated in our February 
issue, p. 104. 





The first titanium condenser tubes ever to be 
installed in a British power station are now 
undergoing service trials at Uskmouth Power 
Station, Newport. The tubes are solid-drawn from 
LCI. Titanium 30. Titanium tubes have a 
ph 1 resistance to many corrosive media, 
as LC.I. have established by exhaustive labora- 
tory tests; this is especially so in the case of 
sea-water. The present tests are being conducted 
in co-operation with the divisional controller, 
South Wales Division, of the C.E.A. 








People in the News 











Sir Francis Hopwood, who is a man- 
aging director of the Shell Petroleum 
Co. Ltd. and a principal director of N.V 
De Bataafsche Petroleum Maatschappij, 
the two parent operating companies of 
the Royal Dutch/Shell Group, has ex- 
pressed the wish to retire from these 
offices, effective June 30, 1957, prior to 
which date he will have reached the age 
of 60. His wishes have been accepted 
with great regret. Sir Francis will remain 
a managing director of The “Shell” 
Transport & Trading Co. Ltd. and a 
director of The Shell Petroleum Co. Ltd. 
Mr. H. Wilkinson, president of Canadian 
Shell Ltd., has been appointed, with 
effect from July 1, 1957, a managing 
director of The Shell Petroleum Co. Ltd. 
and a principal director of N.V. Bataaf- 
sche Petroleum Maatschappij. 

Compania Shell de Venezuela Ltd. 
announces that Mr. Ian Davidson will 
be resigning the presidency of that com- 
pany as of June 30, 1957, although he 
will remain a member of the board of 
directors. It is the intention that Mr. 
Davidson will be appointed president of 
Canadian Shell Ltd., which has its seat 
in Toronto, Canada, as from July 1, 
1957. It is also intended that he be 
appointed to the boards of The Shell 
Petroleum Co. Ltd. and N.V. De 
Bataafsche Petroleum Maatschappij. It 
is the intention that Mr. Davidson be 
succeeded as president of Compania 
Shell de Venezuela Ltd. by Mr. G. C, K. 
Dunsterville, who has been a member 
of the Shell management in Venezuela 
since 1948 and a vice-president of Com- 
pania Shell de Venezuela Ltd. since its 
inception in July, 1953. 

British Titan Products Co. Ltd. 
announces that Dr. G. I. Higson has re- 
linquished his appointments as a director 
and as chairman of the company. Mr. 
G. H. Beeby has been appointed chair- 
man as from January 1, 1957. Mr. Beeby 
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<< «> AUNIVERSAL OUTFIT for 
| = PAPER CHROMATOGRAPHY 


for one- and two-way separations by 
ascending or descending solvent flow, 
or for circular Chromatography. 


As demonstrated to the Fine Chemicals Group of the 
Society of Chemical Industries at King’s College, London, 
by Ivor Smith and John B. Jepson of the Courtauld 
Institute of Biochemistry. 
The Dural frame will accom- 
modate 5 two-way chro- 
matograms, or up to 50 
one-way chromatograms 
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GLASS CYLINDERS FOR STRIP TECHNIQUES - 
ELECTROLYTIC DESALTING APPARATUS - GLASS 


COLUMNS, PLAIN, OR WITH SINTERED DISCS 

AND STANDARD GROUND JOINTS, ANY SIZE 

GLASS SPRAYS - ALL GRADES OF FILTER PAPERS 

SYPHON AND DROP-COUNTER FRACTIONS 
COLLECTORS 


with ascending solvent flow 
in each case. The tank will 
hold 6 of the trays in which 
8” diameter circular chro- 
matograms can be run. Tray 











and trough Dural or poly- 
thene coated. 








PRODUCTS LIMITED 


5€-58 ROCHESTER PLACE, CAMDEN ROAD, LONDON, N.W.1 





Telephones: GULLIVER 3618 & 6466 
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R.S.M. Ronald Brittain, M.B.E., the “‘ voice’”’ of the 

British Army, says: “‘ It’s all done by control of the diaphragm.”’ 
It’s the same with WYNN PATENT STRAIGHT-THROUGH 
DIAPHRAGM VALVES. Proper control of the diaphragm 
gives them the “‘power of command”’ over hard-to-handle 
fluids — acids, alkalis, oils, slurries, abrasives, food products, 
beverages, gases, etc. 


WRITE FOR TECHNICAL BULLETIN D.3 


WYNN (VALVES) LTD. 


GRANVILLE STREET, BIRMINGHAM, I 
London Manchester Cardiff 
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was formerly chairman of the Salt Divi- 
sion of LC.I. and has been a director 
of British Titan Products Co. Ltd. since 
March, 1948. 





— 


‘\ 





C. FE. Evans. 


British Hydrocarbon Chemicals Ltd. 
have appointed Mr. C. E. Evans to be 
general manager of the company with 
effect from January 1, 1957. Mr. Evans 
joined B.H.C. (at the time British Petro- 
leum Chemicals Ltd.) on October 31, 
1951, being appointed manager, B.P.C. 
Grangemouth. He was appointed general 
manager, Grangemouth, with effect from 
January 1, 1954. Mr. Evans joined B.P. 
(then Anglo-Iranian) in 1939 and served 


continuously in Iran in a variety of 
appointments, culminating as works 
manager of Abadan refinery. He was 
among the last to leave when the 
refinery was evacuated in 1951 and 
received the O.B.E. for his services 
during that difficult period. It is also 


announced that Mr. D. Blair Watt has 
been appointed works general manager 
at Grangemouth. Mr. Blair Watt has 
been in the service of the B.P. Co. for 
nineteen years, and since July, 1955, has 
been seconded to B.H.C. with the 
appointment of works manager at 
Grangemouth. B.H.C. is jointly owned 
by B.P. and The Distillers Co. Ltd. 

On January 1, 1957, Mr. Maldwyn 
Jones was appointed development direc- 


tor, and Mr. H. C. Raine, research 
director, of the Plastics Division of 
Imperial Chemical Industries Ltd. On 


that same date, Dr. Laurence M. Smith 
was appointed northern regional sales 
manager, Plastics Department, I.C.1. 

Following the death of Mr. H. J. F. 
Gourley, president of The Institution of 
Civil Engineers, a special general meeting 
was held on January 22, 1957, to elect a 
new president for the remainder of the 
year, In accordance with the Institution’s 
by-laws, the Council submitted the name 
of the senior vice-president for election 
by the corporate members on_ the 
decease of a president in office, and Sir 
Arthur Whitaker was unanimously elec- 
ted. Sir Arthur was elected a vice-presi- 
dent in 1953. 

Mr. J. H. Whitney, the newly appoin- 
ted Ambassador from the United States 
to the Court of St. James, is chairman 
of the Freeport Sulphur Co., a major 
supplier of sulphur for the British 
chemical, fertiliser and other industries, 


for whom F. W. Berk & Co. Ltd., of 
London, act as distributors in_ this 
country. 


Wild-Barfield Electric Furnaces Ltd. 
announce that, as from January 1, 1957, 
Mr. J, E. Oram, hitherto director and 
general manager, was appointed manag- 
ing director of the company. The com- 
position of the board remains un- 
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changed, Mr. G. R. Barclay, continuing 
as chairman and Dr. F. W. Haywood as 
technical director. 

Mr. O, Secher, joint sales director of 
Marchon Products Ltd., has now taken 
on the additional responsibility of 
chemical products sales, which has in the 
past been in the hands of Mr. B. B. 
Dugan, Mr. Dugan is emigrating with 
his family to South Africa, where he will 
continue his association with the com- 
pany by becoming a_ director of 
Chemical Services (Proprietary) Ltd., 
Marchon’s agents in South Africa. 

It has been announced that Sir Percy 
Mills, recently appointed Minister of 
Power, and who was created a baron on 
joining the Cabinet, is to be Baron 
Mills, of Studley in the County of War- 


wick. Following his Cabinet appoint- 
ment, Lord Mills has resigned as chair- 
man and from the board of W. & T. 
Avery. Mr. W. L. Barrows, the vice- 


chairman, has succeeded him as chair- 
man. The board of W. & T. Avery ex- 
pressed regret at the severance of Lord 
Mills’ association with the company. 
which has covered a period of 38 years. 
Lord Mills has also resigned as chair- 
man and as a director of Lancashire 
Dynamo Holdings. Mr, S. F. Steward, 
the group managing director, has suc- 
ceeded him as chairman. 





J. R. Gordon. B. R. Jackson. 

J. R. Gordon has been elected 
executive vice-president of The Inter- 
national Nickel Co. of Canada Ltd. He 
has also been elected executive vice- 
president of The International Nickel 
Co. Inc., the company’s United States 
subsidiary. He has been a vice-president 
of The International Nickel Co. cf 
Canada Ltd. since June, 1953, and of 
The International Nickel Co. Inc. since 
January, 1955. Mr. Gordon is a director 
of The Toronto-Dominion Bank, The 
Toronto General Trusts Corporation and 
Whitehead Metal Products Co. Inc. 

Mr. B. R. Jackson, who became chair- 
man of the British Petroleum Co. last 
year on April 1, retired on_ health 
grounds on January 31. He is 65. The 
board has appointed Mr. Neville A. 
Gass, deputy chairman, to be chairman. 

The board of Howards of Ilford Ltd. 
now consists of Mr. T. W. Howard, 
chairman, Mr. J. A. E. Howard, manag- 
ing director, Mr. E, W. M. Faweett, 
technical director and Mr. H. P. P. 
Hodgkins, commercial director. The 
board of the parent company, Howards 
& Sons Ltd., remains unchanged. 

Mr. Philip Jaram has joined Q.V.F. 
Ltd. as manager at their new premises 
in Duke Street, Fenton, Stoke-on-Trent. 
Mr. Jaram comes to Q.V.F. from James 
A. Jobling & Co. Ltd. 








Ltd. 
the appointment of Mr. F. K. Johnson 
to their chemical division, to handle the 
sale of cationic chemicals to the petro- 
leum industry in the United Kingdom, 


Armour & Company announce 


Mr. Johnson was previously with the 
production department of the Associated 
Ethyl Co. Ltd. 

Dr. W. I. Pumphrey, research manager 
of Murex Welding Processes Ltd., has 
been awarded the degree of D.Sc. in 


Industrial Metallurgy by the University 
of Birmingham for his work on harden- 
of 
and 


ability, the transformation 
during continuous cooling 
metallurgy of welding. 


Steel 


the 





, 
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A. S. Hester. F. Clark. 


William Q. Hull, who has represented 
the American Chemical Society in Lon- 
don for the past two years, has returned 
to the United States to take charge of 
the A.C.S. New York editorial office. His 
successor in London is Albert S. Hester. 
formerly associate editor in charge of 
the A.C.S. regional office in Chicago. 
Prior to joining the American Chemical 
Society, Mr. Hester worked for six 
years in the fermentation department at 
Merck’s Elkton, Va., Mant. A graduate 
of Virginia Polytechnic Institute, he 
served with the U.S. Army during 1944 
and 1945 in the European theatre of 
war, 

British Oxygen Gases Ltd. have 
appointed Mr. Frank Clark, to the post 
of manager of the sales technical service 
department at Cricklewood. Mr. Clark 
is a member of a number of Institute 
and British Standard Committees and is 
chairman of the City and Guilds of Lon- 
don Institute Advisory and Moderating 
Welding Committees. 

Another appointment announced by 
B.O.G. is that of Mr. A. W. Stones who 
has been appointed manager of their 
Western district. He takes the place of 
Mr, J. E. Clark, who has accepted an 
appointment with British Oxygen Wim- 
pey Ltd., which was formed recently for 


the construction of special rocket 
projects. 
Mr. P. M. K. Embling, who was 


appointed mapager of the chemical plant 
division of The Power-Gas Corporation 
Ltd. in 1955, has been appointed 
divisional director responsible for that 
division. Another appointment announced 
is that of Mr. D. R. Brown, manager of 
the blast furnace division of Ashmore, 


Benson, Pease & Co., as divisional 
director. 

Mr. John Eden, until recently sales 
and contracts manager for Birtley 


Engineering Ltd., has joined W. P. Butter- 
field Ltd., engineers and tank manufac- 
turers, at Shipley, Yorkshire, as contracts 
manager. 
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J.L.S. Engineering Co. Ltd. 


Heat Treatment Equipment for 


Dehydration, Curing Sintering, etc. 


PATENTED AIR CIRCULATION ensures} Uniformity, Accuracy, & Controlled Ventilation 
Phone: Redditch 3397 ABBEYDALE WORKS, BROOK STREET, REDDITCH 














FOR ALL 
RUST TROUBLES... 





Makers of Sewage Disposal Works at Wiesbaden, coated with Rust-Anode 
RUST-ANODE - - - = = = = = Cold Galvanising 
CAPALLA - - ~- = = = = Rust Remover and Inhibiter 
SKALINE - - - = = = = = = =Mill Scale Remover 


CONSULT Used throughout the world 
C & P Development Co. (London) Ltd. 


Corrosion Specialists 


Wiggie Works, Redhill, Surrey 
Redhill 4554 
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